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Introductory  Note 


THE  successful  education  of  the  man  in  the  shop  is  a  ques- 
tion of  vital  importance.  The  difficulties  under  which  he 
toils  in  his  struo;o;le  for  advancement,  and  his  daily  labor, 
render  impossible  the  usual  means  of  education,  and  prevent  the 
attendiufr  of  a  resident  technical  school.  Probably  the  most  suc- 
cessful substitute  for  such  a  school  is  the  correspondence  method 
of  instruction. 

^Thousands  of  mechanics  are  improvintr  their  condition  by  de- 
voting a  half  hour  each  day  to  systematic  study  under  the  (iirection 
of  men  who  have  had  long  experience  in  teaching,  and  in  [)ractical 
shoj)  work.  There  are,  however,  many  who  caruiot  afford  the  time 
and  exj)en8e  necessary  for  a  correspondence  school  course.  For 
such  the  Cyclopedia  of  Mcxlern  Shop  Practice  is  prepared. 

4I.The  instruction  pa|)ers  forming  the  rycloj)edia  have  l>een  pre- 
|wire<l  esjR»cially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
many  are  in  use  as  text  books  by  Harvard  Fniversity,  Columbia 
University,  Ijehigh  Cniversity,  Iowa  State  College,  the  Cniversity 
of  Maine,  the  V.  S.  (iovernment  in  its  School  of  Submarine 
Defense,  the  Westinghousi^  Comj)anies  in  their  Shoj)  School,  and 
for  reference  in  the  leading  colleges,  shops  and  juiblic  libraries. 


C  Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  preparation  of  the  various  sections  of 
the  Cyclopedia.  Each  section  has  been  tested,  by  actual  use,  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  practice  in  the  shop  or  engine  room. 

C Numerous  examples  for  practice  are  inserted  at  intervals;  these, 
with  the  test  questions,  help  the  reader  to  fix  in  mind  the  essential 
points,  thus  combining  the  advantages  of  a  text  book  with  a 
reference  work. 

C  Grateful  acknowledgment  is  due  to  the  corps  of  writers  and 
collaborators,  who  have  prepared  the  many  sections  of  this  work. 
The  hearty  co-o|)eration  of  these  men — engineers  of  wide  practical 
experience  and  acknowledged  ability  —  has  alone  made  these 
volumes  possible. 

CLThe  Cyclopedia  has  been  compiled  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  comprehended  by  the  man 
who  has  but  little  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  practical  engineering.  If,  therefore,  it 
should  benefit  any  of  the  large  numl^er  of  workers  who  need,  yet 
lack,  technical  training,  the  editors  will  feel  that  its  mission  has 
been  accomplished. 
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Forjjinjij  in  general  treats  of  the  hammering,  working,  or  forming 
)f  heated  metals. 

The  Materials  upon  which  the  work  of  forging  or  hlacksmith- 
ing  is  clone,  are  wrought  iron  and  steel.  As  explained  in  "  Metal- 
liirg}',"  wn>iight  iron  is  an  iron  fn)m  which  "the  silicon  phosphorus 
and  most  of  the  carbon  has  l)een  removes!.*'  Steel  iisuaiiv  con- 
tains  some  of  the  impurities  that  are  characteristic  of  cast  iron  with 
the  marked  peculiarity  of  holding  a  vamng  j)ercentage  of  carbon. 
Mild  steels  are  so  called  on  acrcount  of  the  small  amount  of  carbon 
which  they  contain.  As  the  percentage  of  cariK)n  increases,  it  be- 
comes more  difficult  to  weld  the  metal,  (ireater  care  nnist  also  be 
used  in  heating  lest  the  metal  l)e  bumed  and  its  strength  <lestroyed. 
Until  recently  all  heavy  forgings  involving  welding,  were  made  of 
WTOUght  iron,  but  now  it  Is  customary  to  make  most  forgings  of  miUl 
steel,  particulariy  large  ones,  although  wn>uglit  in)n  is  somewhat 
more  satisfactory  where  a  great  amount  of  welding  is  rc<juire<l. 

These  metals  may  l)e  roughly  <livided  into  three  general  classes; 
altbou^  the  division  line  may  not  l>e  sharply  drawn  l)etwecn  any 
two  classes,  the  classes  l)eing  Wrought  Iron,  Mcvhinc  Sinl  and  TW 
Sied.  The  characteristics  and  metlunl  of  manufacture  of  the  three 
metals  are  described  in  "Metallurgy/*  A  n)ugli  distinction  such  as 
a  blacksmith  would  use  is  alx)ut  as  follows:  Wrought  Iron  has  a 
fibrous  structure  with  string}'  streaks  of  slag  ruiming  lengthwise  of 
the  bar  giving  it  a  decided  fibre,  similar  to  w(hh1.  Machine  Steel, 
more  properly  descril)ed  as  mild  steel,  or  sometimes  callefl  soft  steel, 
has  much  the  same  pro[)erties  as  wnMight  iron  excepting  that  it  lacks 
the  fibre  and  is  somewhat  stnmger.  Tool  Sfrrl  differs  fn)ni  the 
other  two  materials  in  the  fact  that  bv  suddenlv  cfK)lin(r  fn)rn  a  hicrh 
heat  it  may  be  made  verj'  hard,  or  hardens,  as  the  technical  term  is. 
Wrought  iron  or  machine  steel  are  not  hardene^l  by  the  same  treat- 
ment.    Tool  steel  is  practically  the  same  thing  as  wrought  iron  or 
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machine  steel  with  a  small  percentage  of  carbon  added.  In  fact, 
either  of  the  two  metals  may  bt^  turneil  into  tool  steel  by  the  a<l<lition 
of  earlmii.  'ITiis  principle  is  used  in  ease  hanlening.  Norway  iron 
or  Sweilish  iron  is  a  pra*lc  of  ven.'  ]>ure  wrought  iron  containing  little 
slag.  It  is  more  expensive 
than  ordinary  wrought 
iron.  Refined  iron  is  a 
grade  of  wrought  iron 
not  as  goo<l  as  Norway 
iron  but  better  than  or- 
dinary iron.  Norway 
iron  casts  about  twice  as 
nnich  as  machine  .steel, 
l-i(;,  1.  which    i.s    somewhat 

cheaper  than  wrought 
iron  of  iihnost  luiy  grade.  Machine  steel,  made  by  both  the  open- 
hearth  ami  Be,s.senier  processes,  is  used  for  forging. 

EQUIPMENT. 

The  etpiipment  of  the  forge  slii>p  cnn.sists  in  general  of  a  forge 
in  which  the  metals  an-  lieated,  an  an\-il  for  resting  the  metals  on 
while  hammering,  and  the 
various  tools  as  descril>e<l 
below  for  shaping  and 
working. 

The  Forge.  While  forges 
or  fires  are  of  many  shapes 
and  .sizes  the  principles  of 
their  ctmstrnrlion  remain 
the  same.  An  ordinary 
blacksmith  forge  is  a  fire- 
p  lace  in  the  hottoni  of 
which  there  is  a  iTiycrc  for 
admitting  a  blast  of  air  to 
blow  the  fire.  Where  die 
air  bliist  is  biniisheil  by  a  lianil  bellows,  the  pi|)e  Iciiding  therefrom  to 
the  tuyere  is  open  thnniglionl.  Where  a  ]M)wer-<lrivon  blower  furn- 
ishes the  blast,  there  is  a  valve  in  the  pipe  for  regulating  the  same. 
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'Die  usual  form  of  tuyere  I'onsi.'^ts  (>f  a  single  lila.st  pipe,  ojieti- 
ing  into  tho  iHittum  of  ftic  (in-  pit.  Tliis  iiiiiy  Ik-  a  simple  nii/.zl<-  as 
in  Fig.   I.  witli  tlif  hliLst  rcfjiiijiteii  hy  ii  ilatniKT  in   tlie  pi|»e;  or,  it 

may  liHvf  >i  r<'i;iiliil(ir  .-it  (lie  iiiciitlli  of  \\w  tiiycrv  as  sliown.     Sonie- 
tiiiiVs  iIr-  t.iv.T.-  lia-^  several  i.|>eniii<,"i.  iin.l  U  llini  in  lli.-  funn  ..f  u 


f^te.  Whatever  its  fonn,  il  rtlioiilil  l>e  possiMe  to  clean  it  from  be- 
low, in  nnler  tliut  mal  unil  (-linkers  falling  into  it  may  Ije  removed. 
A  HMKiern  ly|>e  of  forjje  h  slKiwn  in  Fi^.  2.  'I'hia  is  provided 
with  Ji  hood  for  ratryinj;  olf  the  smoke.  The  pi]>e  connected  to  the 
hood  extends  downwarti  to  an  nndernroiinii  flue  le^lin^  to  an  ex- 
haust tan  which  draws  out  the  air.     The  hiiuit  pi|:>e  is  also  under- 


frroiind,  ami  a  .small  pipe  leail.s  upward  ki  the  tuyere,  the  amount  of 
blast  admitted  to  t)ie  fire  l>eiu^  re<;uUited  by  a  slide  in  this  pipe. 
This  system  of  imdergroiind  piping  is  knrnvn  as  the  "Down  Draft" 
system. 

In  some  shops  no  provision  is  made  for  carrying  off  the  smoke, 
while  in  others  hoods  are  place<l  alM)ve  the  forges  and  connected  to 
overhead  pipes,  which  may  be  either  connected  to  an  exhaust  fan  or 
led  directly  to  the  roof.  The  "Down  Draft"  system  is  the  more  mod- 
em and  generally  the  best. 

The  Blast  is  furnished  to  the  fires  of  a  blacksmith  shop  by  blowers 
of  various  kinds.  For  many  years  the  ordinary  bellows  wa.s  used. 
Tills  has  been  su|>erseded  by  the  fan  blower  which  is  now  almost 
universally  useii,  even  for  hunfl  [x)wer. 

Such  a  fan  blower  is  shown  in  Fig.  3.  It  is  formed  of  a  thin 
ca.st-iron  .shell  in  which  there  are  a  set  of  rapidly  revolving  blades. 
Tliese  l)la<les  set  up  a  current  of  air  which  presses  against  the  side 


of  the  .shell  and  e.scaiws  through  tlie  tsingential  opening.  The 
pre.s.sure  r>f  the  bla.st  useil  for  an  open  l)liicksmith  fire  varies  from 
nlMMit  2  to  7  ounces  per  s«|uare  inch.  The  lower  pres,sure  is  used 
for  a  light  fire  ami  light  work.  The  higher  pressure  is  suitable 
for  heavy  classes  of  work. 

Hammers.  Several  kimls  of  hammers  are  n.sed  in  a  forge  shop. 
Tlie  conunonest  sha|)e  is  the  baU  pene  shown  at  A,  Fig.  4.  Other 
kinds  are  the  sfraif/ht  priie  ami  erosn  peni:  illustrated  at  B  and  C. 
A  nqiiarc  faced  hammer  sometimes  called  a  blacksmith's  hammer, 
is  shown  at  I).  Tliis  is  occasionally  used  on  tool  work.  Com- 
monly a  ball  |>enc  hammer  of  ultoiit  n  poimd  nnrl  a  half  weight  is  used. 
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In  the  fitting  of  the  handle  to  the  head  great  care  shoM  be 
taken.  Hammer  handles  are  made  elliptical  in  crosis  .section.  The 
major  axis  of  this  ellipse  should  exactly  ct>inci*le  with  that  of  the 
eye  of  the  head.  The  reason  is  that  the  hand  naturally  grai^  the 
handle  so  that  its  major  axis  lies  in  the  direction  of  the  line  of  motion. 
Hence,  unless  the  handle  is  properly  fittetl  in  this  [>articular,  there 
will  be  constant  danger  of  striking  a  glancing  bkiw.  The  handkr 
should  also  stand  at  right  angles  to  a  center  line  dra^-n  frrim  the  ball 
of  the  pene  to  the  face.     The  eye  in  the  heail  is  usually  }H}  ^et  that  tlie 


or 


A 


weight  on  the  face  side  is  greater  tliaii  that  f>u  the  |X'nc.  '^Jlie  effe^-t 
of  this  is  to  so  balance  the  UhA  that  hean^-r  aii*l  luore  acriirate  blow^ 
can  be  struck  than  if  the  weight  were  evenly  balaiKtf^l  on  each  .side 

of  the  eve. 

* 

Sledges  are  hea\'ier  hammers  n>efl  by  ilie  bla<^•k-nJit^I^^  Ijelj>er 
and  varj'  in  weight  from  five  to  twenty  jxhuhK.  I'lie  tlin^e  (imiuiou 
shapes  are  sho^n  in  Fig.  o;  A,  B,  and  ('  Ijein^  rro^y  jM-n/,  siraifjht  jM-tw 
and  double  faced  sleiiges  res{>e<'tively.  A  '-le<i;rc  for  fTf>ninion  work 
ordinarily  weighs  alx>ut  12  ]Kjund>.  ^ile<l^e  handler  are  generally 
about  30  to  36  inches  long,  (le{>ending  on  the  natuR'  of  the  work 
to  be  done. 

Anvils.  Next  to  the  hammer  in  imjxjrtanr-e  I-)  the  annl.  '^Hiis 
may  be  any  block  of  metal  upjn  wliich  the  j)ie<e  to  l>e  '-haj>eil  i.>  laid. 
The  anvil  miLst  be  of  such  a  weight  that  it  ran  alw»rb  the  blows  that 
are  struck  upon  it  without  e\]>*'rien(in^  any  jxTr-eptible  motion 
in  itself. 

'^ITie  ordinary*  an\ih  Fi;;.  (i,  \\ii^  remained  un(han;re<l  in  f(»rm 
for  manv  hundreds  of  vears.     As  now  made,  the  UhJv  a  i.>  of  wrought 
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iron  to  which  a  face  of  hardened  steel  is  welded.  From  one  end 
there  projects  the  horn  b,  and  the  overhang  of  the  body  at  the  other 
end  c,  is  called  tlie  tail  -  At  the  bottom  there  are  four  projections  d, 
called  the  feet,  which  serve  to  increase  the  base  upon  which  the  anvil 
rests  as  well  as  to  afford  the  means  for  clamping  it  down  into  position. 
In  the  twl  there  is  a  square  and  a  circular  hole.  The  former  is 
called  the  hardie  hole,  the  tatter  the  spud  hole. 

An  anvil  of  this  form  serves  for  the  execution  of  any  work  that 
may  be  desired. 

Anvils  are  also  made  with  a  Ijody  of  cast  iron,  to  which  a  face 
of  steel  is  welded. 

The  anvil  should  l)e  placed  upon  the  end  of  a  heavy  biot-k  of 
wood  sunken  into  the  ground  to  a  depth  of  at  least  two  feet,  so  that 
it  may  re.st  upon  a  firm  but  elastic  foimdation.     As  the  anvil  is  sub- 


je(.'te<l  til  coiisliint  vibrations,  \>y  tlic  naliirc  of  tlie  work,  it  is  necessary 
(hat  it  sliouM  l>e  firmly  fastenc<l  lo  tlie  block. 

Anvils  are  cla.s,seil  and  .sold  by  weight.  The  weight  is  generally 
stiun]>ed  on  the  side  of  the  anvil.  Three  nnnil>er.s  are  used.  The 
first  to  the  left  shows  the  weiglit  in  cwt.  of  ]  12  [xtunds  each.  TTie 
middle  inunher  shows  the  uihlilional  <]uartcr,s  of  cwt.  and  the  ri^t 
hand  figure  the  iiuinliur  of  i>dd  pounds.  For  iiistaiu-e,  an  anvil 
n.arkc<l  2-.V1  w(.uld  wci(,di  2  /  1 12  MJ  of  1 12  i  4  U.,s.--312  lbs.  a 
would  Ik-  known  as  alx.iit  n  .-fOd-ponnd  anvil.  Anvil; 
made  ot  s|K!<ial  shapes,  but  tin;  one  li.-rc  shown  is  the  < 

Tongs.     Next    to   the   Imininer   an<l    anvil    in    imj 
usage  are  the  tongs.     They  vary  in  size  frcuji  iho.sc  suit 
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iiig  the  smallest  wires  to  those  capable  of  handling  ingots  and  bars 
of  many  tons  in  weight.  The  jaws  are  also  adapted  to  fit  over  the 
piece  to  be  handled  and  are  of  a  great  variety  of  shapes.     As  the 
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re<|uirenients  of  each  piece  of  work  varies  so  mucli  from  that  which 
precetles  and  follows  it,  it  is  customarj'  for  the  blacksmith  to  dress 
his  own  tongs  and  adapt  them,  from  time  to  time,  to  the  work  he 
has  in  hand.  Comparatively  few,  therefore,  of  the  various  shapes 
of  tongs  found  in  shops  are  manufacture<l  and  for  sale.  A  few  of 
the  general  types  and  forms  in  common  use  are  here  given. 

A,  Fig.  7,  shows  a  pair  of  flat-jaiccd  tongs,  tlie  commonest  shape 
used.  B  is  a  pair  of  pick-up  tongs  used  for  holding  work  while  tem- 
pering, and  picking  up  pieces 
of  hot  metal.     C  is  a  common 
shape  used   for    holding   both 
s(juare  and    round    iron,    the 
jaws    being    bent    to    fit    the 
stock  in  each  case.     A  modi- 
fication of    tliis  shape    is  also 
used  for  heavy  steam  hanuner 
work.     Tongs  frccjucntly  have 
the  jaws  made  in  some  special 
shape  for  a    particular    piece 
of  work,  the  object  always  being  to  liave  the  jaws  grip  the  work  as 
finnly  as  possible. 

Fitting  Tongs.     Tongs  nnist  be  alwavs  carcfullv  fitted  to  the  work. 
Tongs  which  take  hol<i  of  the  work  as  shown  in  Fiir.  S.  should  not 
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be  used.  The  first  pair  shown  have  the  jaws  too  close  together, 
the  second,  too  far  apart.  When  properly  fitted  the  jaws  should 
touch  the  work  throughout  the  entire  length  as  shown  in  the  lower 
sketch.    To  fit  tongs  the  jaws  are  heated  red  hot,  the  piece  to  be  held 


Fig.  9. 


Fig.  10. 


placed  between  them,  and  the  jaws  hammered  down  until  touching 
their  entire  length.  Tongs  which  do  not  fit  the  work  perfectly 
should  never,  under  any  circumstances,  \ye  used.  When  in  use  on 
all  but  the  smallest  work,  a  link  is  driven  over  the  handles  to  grip  the 
tongs  in  position  as  shown. 

Set  Hammers  and  Flatters  are  used  for  smoothing  off  flat  work 
when  finishing.  The  set  hamTner,  Fig.  9,  is  used  for  working  up  into 
comers  and  narrow  places.     The  flafterj  Fig.  10,  is  used  on  wide 

flat  surfaces.  The  face  of  the 
set  hammer  used  on  light  work 
is  generally  alK)ut  IJ  inches 
square.  That  of  the  flatter 
about  2i  inches  square,  although 
the  sizes  varj^  depending  upon 
the  kind  of  work. 

Swages,  shown  in  Fig.  11,  are 
used  for  finishing  round  and  con- 
vex surfaces.  Tlie  upper  tool  is 
known  as  the  top  swage  and  is 
provided  with  a  handle.  The 
lower  one  is  the  bottom  swage  and  is  held  in  place  by  a  square 
stem  or  shank  which  extends  downward  and  fits  into  the  hardie 
hole  of  the  anvil,  "^rools  of  this  cliaracter  should  never  he  used 
on  an  anvil  where  they  fit  so  tight  that  it  is  necessary  to  drive 
them  into   place.      The  swages  shown    here  are    usetl    for  round 


Fig.  1 1 . 


Fig.  12. 
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work.  Swages  are  also  made  fur  octagonal,  liexagonal  anil  other 
shapes. 

Fullers,  useii  for  working  grooves  or  hollows  into  shape.are  also 
made  top  and  bottom  as  shown  in  Fig.  12.  The  top  fuller  is  for  fin- 
ishing into  round  comers,  around  bo.sses,  and  on  the  inside  of  angles 
as  illustrate*!  later  on  'I  he  fuller  is  also  used  to  spread  metal, 
when  it  is  wisheil  to  wort  the  nieli!  onh  in  one  direction.  The 
metal  spreads  at  nght  angit  s  to  (lie  working  edge  of  the  fuller. 

Swage  Blocks,  a  common  sort  of  whuli  is  shown  in  Fig.  13, 
are  used  for  a  \irKt\  of  pur|Mis<s  mostK   for  tikmg  the  place  of 


bottom  swages.     These  blocks  are  roinmoiily  iiiade  fnmi  cast  iron 
and  weigh  alH>ut  150  pounds. 

Other  Tools.  The  tools  used  commonly  are  calijiers,  a  car- 
penter's two-foot  .steel  .sipiare,  dividers,  a  rule,  shovel,  tongs,  ladle, 
poker  and  a  straight  l>ar  for  loosening  the  Kre.  In  addition  to  the 
ordinary  cahpers,  a  blacksmith  usually  has  a  pair  of  double  cali[>ers 
similar  to  tho.sc  shown  in  Fig.  14.  With  these,  lw()  dimension.s  may 
be  used,  one  side  l»eing  set  for  the  tlii<-kne,s.s,  and  the  other  for  the 
width,  of  the  material.  When  several  measiireuients  are  to  lie  made 
particularly  on  large  work,  a  .strip  of  -iglit  stock  alMiiil  J-inch  liy  1 
inch  wide  is  used.  'I'lie  (lilfcrent  •limcrisions  an-  laid  olJ  on  tins 
witli  chalk  or  .si>apst(Hie.  In  use  the  strip  is  held  against  tlic  work 
and  used  in  the  same  manner  as  a  rule.      A  light  md  having  a  small 
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bent  end,  made  by  bending  over  about  ^  inch  of  stock  at  right  angles, 
is  also  sometimes  used,  particularly  when  working  under  the  steam 
hammer.  The  dimensions  may  be  laid  off  from  the  inside  of  the 
hooked  end.  When  in  use  the  hooked  end  is  pulled  against  the  end 
of  the  material.  Soap-stone  crayon  is  ordinarily  used  for  marking 
on  iron.  The  marks  do  not  burn  off,  but  will  not  show  at  a  red  heat. 
Marks  to  show  at  a  high  heat  must  be  made  by  nicking  the  corner 
of  the  bar  with  a  chisel  or  by  marking  with  the  center  punch.  An- 
other common  way  of  making  measurements  on  hot  material  is  to 
lay  off  the  different  distances  on  the  side  of  the  anvil  with  chalk,  the 
dimensions  being  laid  off  from  one  corner  or  end. 

Fuel.    The  common  fuel  for  small  fires  is  **soft"  or  bituminous 
coal,  coke  for  large  fires  and  furnaces,  and  occasionally  hard  coal 

in  small  furnaces.     The  soft  coal  used 
/g\  is  of  a  grade  known  as  smithing  coal. 

It  should  be  very  clean  and  free  from 
impurities.  A  lump  of  good  forge  coal 
breaks  easily  with  a  crumbly  looking 
fracture  and  the  coal  shows  clean  and 
briglit  on  all  faces.  It  will  not  break 
up  into  layers  as  *^steaming"  coal  will, 
these  seamy  looking  breaks  being 
caused  by  the  more  or  less  earthy 
impurites.  If  forge  coal  splits  and 
shows  dull  looking  streaks  or  layers,  it 
is  poor  coal.  Good  coal  has  little 
clinker  and  breaks  easily.  Wlien 
used,  the  coal  is  dampened  and  kept 
wet  before  putting  on  the  fire.  It 
should  be  broken  up  fine  l:)efore 
dampening,  and  not  used  in  lumps. 
Fig.  1 1.  Fires.      The  fire  must  Ije  carefully 

watched.  It  is  very  important  that  it 
should  \ye  in  first  class  condition  at  all  times  for  the  work  in  hand. 
A  certiiin  depth  of  fire  is  always  necessary.  If  the  fire  be  too 
shallow,  the  cold  blast  will  penetrate  the  fire  in  spots,  making  it 
impossible  to  heat  the  metal.      There  should    be  depth  enough  to 
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the  fire  to  prevent  this.     For  small  work  there  should  be  at  least 
tliree  or  four  inches  of  fire  below  the  metal  that  is  heating.     There 
should  also  be  thickness  enough  of  fire  above  the  work  being  heated 
to  prevent  the  metal  from  losing  heat  to  the  outside  air.     '^The  fire 
should  be  kept  as  small  as  possible  to  heat  the  work  properly.     As  a 
general  rule  the  fire  will  follow  the  blast.     If  the  fire  is  wanted  larger 
it  may  be  made  so  by  loosening  the  edges  of  the  fire  by  a  bar,  allowing 
the  blast  to  come  through  around  the  sides,  causing  the  fire  to  spread. 
When  a  small  fire  is  wanted  the  damp  coal  should  l)e  packed  down 
tightly  around  the  sides  and  the  center  of  the  fire  loosened  up  slightly. 
For  light  work  a  small  round  fire  is  used.     For  heavier  heating  the 
fire  is  started  by  placing  a  large  block  on  top  of  the  tuyere,  on  each 
side  of  which  green  coal  is  packed  down  hard  in  the  shape  of  an 
oblong  mound.      The  block  is  then  removed  and  the  fire  started  in 
the  hole  left.     These  mounds  are  left  undisturbed  and  fresh  fuel  is 
added  to  the  fire  in  the  shape  of  coke  which  has  either  been  previously 
made  by  loosely  banking  a  quantity  of  green  coal  over  the  fire, and 
partially  burning  it  to  coke,  or  is  bought  ready  made.     With  a  small 
fire  the  fuel  is  constantlv  added  around  the  sides  where  it  is  turned 
into  coke.     This  coke  is  rake<l  into  the  center  of  the  fire  as  wanted 
and  more  coal  added  around  the  sides  and  patted  down  to  keep  the 
fire  in  sha|)e. 

Oxidizing  and  Reducing  Fires.  Wlien  too  much  blast  is  blown 
through  the  fire  all  the  oxygen  is  not  burned  out  of  the  air.  This 
attacks  the  inm,  forming  a  heavy  coat  of  oxide,  or  scale,  (the  black 
scale  which  falls  from  heated  iron).  This  sort  of  a  fire  is  known  as 
an  oxidizing  fire  and  should  not  be  use<l  when  it  is  possible  to  avoid  it. 
^^^len  just  enough  air  is  being  admitted  to  keep  the  fire  burning 
brightly  and  all  of  the  oxygen  is  l)urned,  the  fire  is  in  goo<l  condition 
for  heating.  Very  little  scale  is  formed  and  some  of  the  scale  already 
formed  mav  even  be  turne<l  back  to  iron.  This  sort  of  a  fire  is  known 
as  a  reducing  fire.  In  other  words,  when  the  fire  is  in  condition  to 
give  oxygen  to  anything,  it  is  an  oxidizing  fire.  If  in  condition  to 
take  {I way  oxygen,  it  is  a  red i icing  fire. 

Banking  the  Fire.      The  lire  may  be  kept  for  some  time  by  pla- 
cing a  block  of  wood  in  the  center  and  covering  over  with  fresh  coal. 
Stock.     Material  from  which  forgings  arc  ordinarily  made  comes 
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to  the  forge  shop  in  the  shape  of  bars  having  uniform  sections  through- 
out; generally  round,  square,  or 'rectangular  in  section,  and  varying 
from  ^-inch  thick  to  18  inches  square.     Heavier  sizes  may  be  had  to 
order.     Bars  are  ordinarily  12  to  20  feet  in  length.     Thin  stuff,  J  of 
an  inch  or  less  in  thickness,  usually  comes  in  strips  of  about  4*)  feet. 
This  may  be  had  from  stock  up  to  six  or  eight  inches  wide.     Tool 
Steel  also  comes  in  bars  generally  about  six  or  eight  feet  long.     The 
ordinary  sizes  of  tool  steel  stock  are  known  as  base  sizes  and  the 
price  is  fixed  on  these  base  sizes.     Stock  of  a  larger  or  smaller  size 
than  the  bavse  sizes  is  generally  charged  for  at  an  increase  in  price. 
Thus  inch  scjuare  tool  steel,  which  is  a  base  size,  is  worth  in  certain 
grades  about  14  cents  a  pound.     Steel  of  exactly  the  same  grade  and 
character,  ^^  of  an  inch  square,  costs  about  LS  cents. 

WELDING. 

If  a  piece  of  steel  or  iron  be  heated,  as  the  temperature  is 
raised  the  metal  becomes  softer.  Finally  a  heat  is  reached,  called 
the  welding  heat,  at  which  the  metal  is  so  soft  that  if  two  pieces 
similarly  heated  be  placed  in  contact,  they  will  stick.  If  tlie  pieces 
so  heated  be  placed  together  and  hammered,  they  may  be  joined 
into  one  piece.  This  process  is  known  as  welding.  The  greatest 
difficulty  in  welding  is  to  heat  properly,  which  must  be  done  evenly 
and  cleanly.  If  the  temperature  is  raised  too  high,  the  iron  will 
bum,  throwing  off  bright  star-like  sparks.  If  the  temperature  be 
too  low,  the  pieces  will  not  stick  to  each  other.  The  proper  heat  can 
only  be  detennined  by  experimenting,  which  may  be  etisily  done  by 
doubling  over  a  piece  of  scrap  iron  for  two  or  three  inches  and  weld- 
ing into  a  solid  piece. 

When  heating  wrought  iron  and  mild  steel,  as  the  welding  heat 
is  reached,  small  particles  of  the  metal  are  melted  and  blown  upward 
from  the  fire  by  the  blast.  As  these  small  particles  come  in  contact 
with  the  air  they  burn  and  form  small  explosive  sparks,  like  little 
white  stars.  Whenever  these  sparks  are  seen  coming  from  the  fire, 
it  is  a  sure  indication  that  the  iron  is  burning.  These  sparks  are 
sometimes  used  as  a  sort  of  an  indication  of  the  welding  heat.  The 
only  sure  way  of  determining  the  heat  is  by  the  aj)|H*arance  of  the 
heated  in)n,  which  might  be  descrilKMl  as  sort  of  creamv  white.     The 
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welding  heat  is  sometimes  described  a^s  a  white  heat.  This  is  not 
correct,  lus  in>n  or  steel  is  never  raised  to  a  white  heat  even  when 
melted,  lliis  may  l)e  etisily  proved  hy  comparing  a  piece  of  wrought 
iron  at  welding  heat,  with  an  onlinary  arc  lamp.  When  two  pieces 
of  metal  are  welde<l  together  there  must  be  nothing  between  them. 
Heated  iron  or  steel  is  always  covered  with  scale  (iron  oxide).  This 
scale,  if  allow-ed  to  stay  on  the  surfaces  to  be  joined,  will  prevent  a 
good  weld.  It  is  necessary  when  welding,  to  heat  the  iron  or  steel  to 
a  high  enough  temperature  to  melt  this  scale  and  when  the  two  pieces 
are  put  together,  if  the  joint  or  scarf  is  properly  made,  most  of  this 
melte<l  scale  is  easily  forced  from  l>etween  the  two  pieces,  leaving 
the  clean  surfaces  of  the  metal  in  contact.  This  scale  only  melts  at 
a  very  high  heat,  much  higher  than  the  heat  at  w^hich  it  would  be 
possible  to  weld  the  inin  could  it  l>e  kept  free  from  scale. 

Fluxes.  These  are  used  to  lower  the  melting  point  of  the  scale. 
The  flux  IS  sprinkleil  on  the  surfac^es  to  \ye  joined  just  l)efore  the 
metal  reaches  the  welding  heat.  The  metal  is  then  put  back  into 
the  fire,  raised  to  the  welding  heat  and  the  weld  made  as  usual.  The 
scale  is  acted  upon  by  the  flux  and  melts  at  a  lower  heat  than  when 
no  flux  is  used.  As  the  flux  melts  it  spreads,  or  runs,  over  the  hot 
metal  and  forms  a  sort  of  protective  covering,  which,  by  keeping  out 
the  air,  prevents  to  a  large  extent,  the  formation  of  more  scale.  The 
flux  in  no  way  acts  as  a  cement  or  glue  to  stick  the  pieces  together, 
but  merely  helps  to  melt  off  the  scale  already  formed,  and  prevents 
the  formation  of  more. 

Sand  and  Borax.  '^Phest*  substances  are  common  fluxes.  Sand 
may  l>e  used  when  welding  wn)ught  iron  and  machine  steel;  lx)rax 
in  place  of  sand  for  fine  work  and  when  welding  t(K)l  steel.  Borax 
is  a  l>etter  flux  as  it  melts  at  a  lower  temperature  than  sand,  and  thus 
makes  welding  possible  at  a  lower  heat.  Borax  and  salammoniac 
(ammonium-chloride)  are  sometimes  mixed  and  used  as  a  welding 
compound,  or  flux,  the  pro|K)rtion  being  alK)ut  four  parts  lx)rax  to 
one  part  salammoniac.  This  mixture  is  also  a  g(K)d  flux  for  brazing. 
Borax  contains  a  large  amount  of  water  which  makes  it  lK)il  and 
foam  when  melting  and  in  this  condition  is  very  liable  to  drop  awav 
from  the  heating  metal.  If  lK)rax  \ye  heated  red  hot  and  allowed  to 
cool,  the  water  is  driven  off  and  the  lH)rax  left  in  a  dass  like  condition. 
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Boru\  treated  tliis  way  mid  llicn  jjowduri'ii,  is  llic  liesi  fur  wrltling, 
IL.S  it  melts  and  sticks  to  the  in«tal  without  any  Iwiling. 

Welding  Compounds  arc  flu\e.s  serviiif;  tlii'  stuac  purpose  m 
suiid  or  JKirtiv  Sitiit  uf  tlu  liettir  ones  use  Lxiri\  a.s  a  Imsis  'M)me 
of  these  pi)ni[>oiinds  ire  first  iliu.--  for  their  purpose  and  others  are 
not  as  yooil    Iteiiij;  siiiiplv  inteiiiiei!  mi  liitiip  Mikstitiiirs  f()r  l>or'i\ 

Fagot  Weld  I  his  is  ma<lc  hv  sunph  pla^inj;  two  or  inure 
piec«3  on  top  of  eiwii  iitlier  find  welding  tliim  m  n  hinip  or  »!aK 
Scrap  iron  is  worked  up  in  this  wa*  l)\  inakinK  a  pile  six  or  eight 
inches  «] ware  in  I  ti^htetn  im  hts  or  two  fitt  Imigi  n  ahonnl   sud 


showTi  in  Fifr.  ITi.  'I'his  pile  i-s  Imuiid  logethrr  witli  wirc^  !iii<l  pliui-d 
in  a  furnace,  flu-ied  with  sand,  aitrl  welded  into  a  solid  luuip  iinilcr  a 
steaui  Imminer.  The»e  lumps  nre  afterwards  worked  out  in  bars 
or  slaha  l)y  mlling  or  liammering.  When  a  larj^  piece  is  wniiled. 
two  or  mure  of  these  bars  are  place<i  lofjether  and  woldcd. 

Scarfing.  Fur  most  welding  the  ends  uf  the  piwe,s  U>  Ik*  joined 
must  lie  so  shaiHid  that  when  welded  they  will  make  a  smooth  joint. 
This  shaping  of  die  ends  us  known  ils  ticarfttiij,  and  the  sliai>«l  end 
is  called  a  n-arf.  The  scarfed  ejiils  should  not  fit  tightly  liefore 
welding,  liul  should  lie  so  sha}>ed  that  they  loiicli  in  the  ci-nt^r  of  the 
joint,  leaving  the  aides  somewhat  open.  In  this  way  when  the  weld 
is  niH'^le,  the  ineHcd  .scale  is  forced  From  lielween  the  piece.s.  If  the 
scarfs  were  made  to  touch  on  the  edge  of  the  joint,  leaving  the  center 
hollow,  the  .icale  mil  Imviiig  a  chanc'c  to  escajw,  would  he  held  in  tke 
center  of  the  joint,  leaving  a  weak  place,  and  making  a  had  weld. 
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p  Wdd.    TbU  is  the  common  weld  uartl  far  joititt^  Am!  bmn 

'h>         '    -     '      -    "    '     -  -"'  '  rr  idi^inl  ««  aliown 

in  Fij;.  id.      1  ii>  lie  weblnJ  sImiuU 


Fi^.  16. 

t  upsel  unlii  tln;y  are  coosidcfitUy  thickrr  ihao  llw  rrtf  of  tite 
This  is  ilimv  III  allow  for  tlir  imn  that  liunu  off,  or  u  ^tst  liy 
.•mini);.  Mill  ubo  In  allow  for  llir  liaiiimuing  wlicn  vrrlilin];  iIm-  pimit 
together.  To  mnke  a  pntfttTr  wrl'l  IIht  joint  ^Imiitil  !•■•  wHl  lianuitered, 
und  iiji  ihL)  Tvducv^  tlic  size  of  the  iron  at  that  [joint,  t)>c  pic-cn  mint 
tie  u[>set  til  oltiiw  for  ihi.t  rvi|ui.-lH>ti  in  wa-.  For  li^lrt  work  llx-  :i''arf- 
tay  he  dnat  with  a  hanti  hammer.  For  heavv  work  a  fiilW  uiw) 
*  shnuM  \te  tutril.     After  it|iMrlltiig  on  light  wirric,  itie  md  to  tie 


I  is  rou^ly  .shaiied  with  the  (lene  riul  of  (be  lunimer  m  illux- 
I  Fi|{.  17.  tlie  final  liiushinf!  heinf*  tlotie  with  the  flat  fatr  "f 


r  ihfai  work  (BniaKing  the  edf;e  of  the  aratff  u   well  i 
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I  top,  scarf  side  down,  over- 


pointed  work,  flie  eii<!  of  the  l»ar  slioiild  l>e  liroiigiit  to  the  extreme 
edge  of  the  amil  in  the  manner  iinlu-ated  in  Fig.  IS.  In  thLs  way  a 
hard  blow  may  l>e  struck  with  the  center  of  the  face  of  the  hammer 
without  danger  of  .striking  the  hammer  on  the  anvil.  For  all  ordinary 
lap  welding  the  length  of  th6  .'icarf  may  lie  about  IK  times  the  thick- 
ness of  the  l>ar  Thus  on  a  bar 
i-inch  thick,  the  scarf  will  be  al>nut 
J  of  an  inch  long.  The  width  of 
the  end,  Fig.  16,  should  be  slightly 
less  than  the  width  of  tlie  bar. 
In  welding  the  pieces  together  the 
the  first  piece  held  by  the  helper 
should  lie  placed  .scarf  side  up  on 
tlie  anvil  and  the  .seconil  piece  laid  c 
lapping  them  to  alKJut  the  iunount  shown  in  Fig.  19.  As  it  is  gen- 
erally .somewhat  difhcuh  tu  lay  the  top  piece  directly  in  place,  it 
should  be  steadied  by  resting  lightly 
against  the  corner  of  the  anvil  and 
thus  "steered"  into  place. 

Round  Up  Weld.  This  is  the 
weld  used  to  join  round  bars  &id  to 
end  to  form  a  continuous  bar.  All  the 
precautions  regarding  the  scarf,  elc., 
used  for  making  the  lap  weld  should 
Iw  taken  with  this  as  well.  The  gen- 
eral sha]>c  of  the  .scarf  is  shown  in 
Fig.  10.  It  will  be  noticed  that  the 
end  is  hammered  to  a  sharp  point.  If 
the  scarf  lie  made  with  a  flat  or  chisel- 
sliajK-d  cml  .similar  to  the  flat  lap 
weld,  the  (tmiers  will  project  beyond 
the  sides  of  the  bar  in  welding  and 
cause  considerable  Iroiihlo,  as  it  will  then  lie  necessary  to  work 
cittiR'ly  aniimd  the  bar  licfi>re  the  joint  lie  close<l  down.  With 
a  ]>ointe(l  scarf  the  weld  may  lie  frc<|uciitly  made  by  hammering  on 
two  .sides  only.  This  is  not  .so  im]>orlant  when  welding  between 
swages. 
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Ring  Round  Stock.  When  a  ring  is  made,  the  exact  amount 
of  stock  may  be  cut,  the  ends  upset  and  scarfed  as  though  making  a 
round  lap  weld,  the  stock  bent  into  shape  as  shown  in  Fig.  20  and 
welded.  The  ends  should  be  lapped  sideways  as  shown.  In  this 
position  a  ring  may  be  welded  by  simply  laying  it  flat  on  the  anvil, 
while  if  lapped  the  other  way,  B,  one  end  in,  the  other  out,  it  would 
be  necessary  to  do  the  welding  over  the  horn  of  the  anvil.  In  all  weld- 
ing the  piece  should  be  so  lapped  that  the  hammerii^  may  be  done 
in  the  quickest  and  easiest  manner. 

Allowance  for  Welding.  In  work  of  this  character  when  the 
stock  is  cut  to  a  certain  lengdi,  allowance  is  sometimes  made  for  bss 
due  to  welding.  The  exact  amount  is  hard  to  determine,  depending 
on  how  carefully  the  iron  is  heated  and  the  number  of  heats  required 
to  make  the  weld.  The  only  real  loss  which  occurs  in  welding  is 
the  amount  which  is  burned  off  and  lost  in  scale.  C)t  course  when 
preparing  for  the  weld,  the  ends  of  the  pieces  are  upset  and  the  stock 
consequently  shortened.  The  piece  is  still  further  shortened  by 
overlapping  the  ends  when  making  the  weld,  but  as  all  of  this  material 
is  afterwards  hammered  back  into  shape  no  k>ss  occurs.  Xo  rules 
can  be  given  for  the  loss  in  welding,  but  as  a  rough  guide  on  small 
work,  a  length  of  stock  equal  to  from  }  to  J  the  thickness  of  the  liar 
in-ill  prol)ably  l)e  about  right  for  waste.  Work  of  this  kind  should 
be  watched  very  closely  and  the  stock  measurerl  liefore  and  after 
welding  in  order  Uy  determine  exactly  how  inurh  st^K-k  Ls  lost. 

Chain  Links.    The  first  step  in  mak- 


ing a  chain  link  is  to  bend  the  stock  into     <dII^T^-«—  D* 

a  "U"  shape,  care  being  taken  to  have 

the   legs   of    the    "U"  exactly    even    in 

length.     The  scarf  used  Ls  approximately  Fig.  21. 

the  pointed  shape  used  for  a  round  lap 

weld  scarf.     An  easj'  method  of  scarfing  is  as  follows:    One  end  of 

the  "U"  shaped  piece  is  laid  on  the  annl  as  indicated  in  Fig.  21. 

This  is  flattened  by  striking  directly  dom-n  iniih  the  flat  face  of  the 

hammer,  the  piece  being  moved  slightly  to  the  left,  as  shoimi  by  the 

arrow,  after  each  blow,  until  the  end  b  reaches!. 

This  operation  leaves  a  series  of  little  steps  at  the  end  of  the 
piece  and  works  it  out  in  a  more  or  less  pointed  shape  as  shown  in 
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Fig.  22  at  A.  The  point  should  be  finished  by  placing  it  over  the 
horn  of  the  anvil  and  touching  up  with  a  few  light  blows.  After 
scarfing  the  other  end  of  the  "U"  in  the  same  manner  the  ends  are 
overlapped  as  indicated  at  B  and  welded 
together.  The  second  link  is  scarfed, 
spread  open,  and  the  first  link  inserted. 
It  is  then  closed  up  again  and  welded. 
The  third  b  joined  on  this,  etc.  \Mien 
made  on  a  commercial  scale,  light  lints 
are  not  always  scarfed  but  sometimes 
simply  hammered  together  and  welded  in 
one  heat.     This  is  not  possible  in  ordi- 


rR\ 


Fig.  22. 


narv  work. 


Fig.  23. 


Band  Ring.  A  method  of  making  a  band  ring  from  iron  bent 
flat  ways  is  illustrated  in  Fig,  23,  Stock  is  cut  to  length,  the  ends 
upset  and  scarfed,  using  a  regular 
flat  weld  scarf,  and  the  ring  lient 
into  shape  and  welded;  the  welding 
being   done  over   the   horn  of  the 

an\-il.    Tlie  heating  must  be  care- 

fully  done  or   the  outside   lap  will    CI     #i^  ""\/ 

be  burned   before  the   inside   is 
nearly  hot  enough  to  weld. 

Flat  or  Washer  Ring.     This  is  a  ring  made  by  bending  flat 

iron  edgeways.     'ITie  ends  of  the  stock  are  fiist  upset  but  not  scarfed, 

except  for  careful  work,  the  ring  bent  into  shape,  and  the  comers 

trimmed  off  on  radial  lines  as  shown 

in  Fig.  24.  The  ends  are  then  scarfed 

with  a  fuller  or  pene  of  a  hammer 

I   and  lapped  over  ready  for  welding 

s  shown  in  Fig.  25. 

Butt  Weld.  When  pieces  are 
simply  welded  together  end  to  end 
making  a  square  joint  through  the 
weld,  it  is  known  as  a  butt  weld.  It  is  best  when  making  a  weld 
of  this  kind  to  roimd  the  ends  slightly  as  illu.'jtrated  in  Fig.  26.  The 
ends  are  heated  and  driven  together  and   this  round  shape  forces 


Fig.  24. 
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out  the  scale  and  leaves  a  clean  joint.  As  the  pieces  are  driven 
together  they  are  more  or  less  upset  at  the  joint,  making  a  sort  of 
a  burr.  This  upset  part  should  be  worked  down  at  a  welding  heat 
between  swages.  A  butt  weld  is  not  as  safe  or  as  strong  as  a  lap 
weld-     Long  pieces  may  be  butt  welded  in  the  fire.    This  is  done 


Fig.  26. 

by  placing  one  piece  in  the  fire,  from  each  side  of  the  forge.  WTien 
the  welding  heat  is  reached  the  pieces  are  placed  end  to  end,  one 
piece  "backed  up"  with  a  heavy  weight,  and  the  weld  made  by 
striking  with  a  sledge  hammer  against  the  end  of  the  other  piece. 
Jump  WeM.  Another  form  of  butt  weld  shown  in  Fig.  27  is 
a  jump  weld  which  however  is  a  form  which  should  be  avoided  as 
much  as  possible,  as  it  is  very  liaUe  to  be  weak.     In  making  a  weld 


Fig.  27.  Fig.  28. 

of  this  kind  the  piece  to  be  butted  on  the  other  should  have  its  end 
upset  in  such  a  manner  as  to  flare  out  and  form  sort  of  a  flange,  the 
wider  the  better.  WTien  the  weld  is  made,  this  flange  may  l)e  worked 
down  with  a  fuller  or  set  hammer,  thus  making  a  fairly  stmng  weld. 
Split  WeM  for  Thin  Stock.  Verj-  thin  stock  Ls  sometimes 
difficult  to  join  with  the  ordinary  lap  weld  for  the  reason  that  tlie 
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pieces  lose  their  heat  so  rapidly  that  it  is  almost  impossible  to  get 
them  tt^ether  on  the  anvil  before  they  have  cooled  below  the  welding 
heat.  This  difficulty  is  somewhat  overcome  by  shaping  the  ends 
as  shown  in  Fig.  28.  TTie  ends  are  tapered  to  a  blunt  edge  and  split 
down  the  center  for  half  an  inch  or  so,  depending  upon  the  thickness 
of  the  stock.  Half  of  each  split  edge  is  bent  up,  the  other  down,  the 
pieces  are  driven  tightly  together  and 
the  split  parts  closed  down  on  each 
other  as  shown  in  Fig.  28.  The  joint 
is  then  heated  and  welded.  This  is  a 
weld  sometimes  used  for  welding 
spring  steel,  or  tool  steel. 

Cleft  or  Split  Weld  for  Heavy 
Stock.  Heavy  stock  is  sometimes 
welded  by  using  a  scarf  of  the  shape 
shown  in  Fig.  29.  One  piece  is  split 
iind  shape<l  info  a  "Y"  while  the  other 
has  its  en<l  brought  to  a  blunt  point. 
When  properly  shaped,  tlie  pieces  are 
lieated  to  the  welding  heat  and  driven 
together.  The  ends  of  the  "Y"  are 
then  closed  down  over  the  other  piece 
an<l  the  weld  completed,  A  second 
heat'  is  sometimes  taken  to  do  this. 
Tliis  weld  is  often  used  when  joining 
tool  steel  to  iron  or  machine  steel. 
Sometimes  the  pieces  are  placed  to- 
gether l)efoi-e  taking  the  welding  heat. 
Angle  Weld.  In  all  welding  it 
shoukl  l)e  remembered  that  the  object  of  the  scarfing  is  to  so  shape 
the  pieces  to  be  welded  that  they  will  fit  together  and  form  a 
smooth  joint  when  projjerly  hammered.  Frequently  there  are  sev- 
eral ef|Ually  good  methods  of  scarfing  for  the  satne  sort  of  a  weld, 
and  it  should  l>e  remembered  that  the  method  given  here  is  not 
necessarily  the  only  way  in  which  that  particular  weld  may  be 
made.  Fig.  30  shows  one  way  of  scarfing  for  a  right  angled  weld 
ma<le  of  flat   iron.      Both    pieces    are   scarfed   exactly  alike,    the 
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scarfing  being  done  by  the  pene  end  of  the  hamm^-.     If  neoessarr, 
the  ends  of  the  pieces  may  be  upset  before  scarfing.     Care  sbouM 


Fig.  30.  rm.  31. 

be  used  here  as  in  other  welds  to  see  that  the  pieces  touch  first  in  the 
center  of  the  scarf,  otherwise  a  pocket  will  be  formed  which  will 
retain  the  scale  and  spoil  the  weld. 

T-WekL  A  method  of  scarfing  for  a  T-weld  is  iUustrated  in 
Fig.  31-  The  stem  A  should  be  placed  on  the  bar  B,  when  weklif^^ 
in  about  the  position  shown  by  the  dotted  line. 

T-Weld  Round  Stock.  Two  methods  of  scarfing  hjf  sl  T-weW 
made  from  round  stock  are  shown  in  Fig.  32.  The  srarfe  are  Ufnt»t:il 
mostly  with  the  pene  end  of  the  hammer.  The  i!lii?trati^jn  will  ex- 
plain itself.     The  stock  should  be  well  upset  in  either  mf^ltf/fL 

Welding  Tool    Steel.      The  general  meth^xl  of  *!^tirfinjr  i=s  tfi^ 
same  in  all  welding  but  greater  care  mu.st  Ijc  u.^  in  h^fatin;:  'Ah^rri 
welding  tool  steel.     The  flux  used  for  welding  trjol  -tee!  -jfj/^uld   U: 
the   salamraoniac   and    borax    nuxture    mentione^l    Ijefore.     'yyriu*/ 
steel  or  low  carbon  steel  mav  be  sati.sfactorilv  welde^i  if  cuth  i-,  »JV5^L 
To  weld  steel  successfully  the  follov^ing  precautir^rw  ^hr/utl  Ij^  of^- 
ser\'ed.     Clean  the  fire  of  all  cinden*  and  ashe^.     Put  -inWwv^tX  'yn%\ 
upon  the  fire  so  that  it  will  F>e  unneceviarj-  t/i  a/Jd  rrK^re  tffi%\  wiiiU-. 
taking  the  welding  heat.     Upset  Ixith  pieces  near  the  ffiul  aiA  ^^-itH 
carefully.     \Mien  pjossible,  punch  a  hole  and  rivet  the  t'Ao  pie'-e*, 
tc^ether.     Heat  the  steel  to  a  full  rerl  heat  and  sprinkle  -A'ith  Sfitrar,, 
Replace  in  the  fire  and  raise  to  the  welding  heat.     <^'lean  the  ^/'^ritt] 
surface  and  strike  lightly  at  first,  foil  iwe^l  by  heavier  f>low>„     'Hie 
appearance    of  steel  when  at  a  welding  heat  is  a  [/ale  ^itraw  c/fStft, 
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Always   avoid  a  weld  of  high  carbon  steel  alone,  when  possible. 

Steel  may  also  be  welded  to  wrought  iron.    This  is  done  in  the 

manufacturing  of  edged  tools.    The  body  of  the  tool  is  of  iron,  to 

which  a  piece  of  steel  is  welded  to  form  the  cutting  edge.    This  class 

of  work  is  best  done  with  a  fire 
of  anthracite  coal,  though  coke 
or  charcoal  may  be  used.  The 
fire  should  be  burning  brightly 
when  the  heating  is  done.  Lay 
the  iron  and  steel  on  the  coal  un- 
til they  are  red  hot.  Then 
sprinkle  the  surfaces  of  both 
with  the  flux  and  let  it  vitrify. 
A  convenient  method  of  doing 
this  is  to  have  the  powdered 
flux  (borax  preferred)  in  a  i)epper  pot.  As  soon  ss  the  heat  has 
changed  the  metals  to  a  straw  color  lay  them  together  and  strike. 
A  single  blow  of  a  drop  hammer,  or  four  or  five  with  a  Ught  sledge 
will  do  the  work.  Be  sure  that  these  piec^es  are  well  covered  with  a 
flux  before  attempting  to  weld. 

CALCULATION  OF  STOCK  FOR  BENT  SHAPES. 

It  is  al  ways  aMivenient  and  frecjuently  necessary  to  know  the  exact 
amount  of  stock  re(|uired  to  make  a  given  piece  of  work.    There  are  four 


Fig.  32. 
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Fig.  34. 


general  methods  used  for  determining  this.  The  first  and  most  accurate 
method,  if  it  can  be  used  convenientlv,  is  mathematical  calculation. 
Taking  as  an  example  the  bent  piece  illustrated  in  Fig.  33.     If  the  out- 
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sideof  this  be  measured,  it  would  seem  as  though  16  inches  of  stock  were 
retjuired.  If  the  inside  be  measured,  14  inches  would  seem  the  prop- 
er amount.  It  has  been  found  by  experiment  that  if  a  piece  of 
straight  stock  be  taken  and  a  line  drawn  on  it  through  the,center,  and 
this  piece  of  stock  then  be  bent  and  tlie  lengths  of  the  inside,  center, 
and  outside  lines  be  measured,  the  outside  line  will  lengthen  con- 
siderably as  the  piece  is  bent.  The  inside  line  will  shorten 
correspondingly,  while  the  center  line  will  remain  comparatively 
unaltered  in  length.  This  is  universally  true,  and  the  proper  length 
of  stock  required  for  making,  any  bent  shape  may  always  be  obtained 
by  measuring  the  center  line  of  the  curve  or  bend.  To  return  to 
the  first  example:  In  this  case,  if  the  center  Ime  of  the  stock  be 
measured,  7h  inches  will  be  the  length  for  each  leg,  thus  making  a 
total  of  15  inches  of  stock  required  to  make  that  particular  bend. 
This  is  a  universal  rule  which  should  always  be  followed  when  meas- 
uring stock,  to  take  the  length  of  the  center  line. 

Circles.    On  circles  and  parts  of  circles  the  length  of  stock  may 
be  easily  calculated.     The  circumference,  or  distance  around  a  circle, 

is  found  by  multiplying  the  diameter 

^^.-i r>x       '^y  ^\  ^^'   more    accurately,    3.  1416. 

Av^   » '  J?\  M      As  an  illustration,  the  stock  necessary 

\J  Ik      to  bend  up  the  ring  in  Fig.  34,  would 

— X^\      ^  calculated  as  follows:     The  inside 

[  -      Y       ^'  4"      '        rl      diameter  of  the  ring  is  six  inches  and 
Fig.  35.  the   stock    is    one    inch    thick.     This 

would  make  the  diameter  of  the  circle 
made  by  the  center  line,  shown  by  C,  which  may  be  called  the  CcU- 
culating  Diameter,  seven  inches,  and  the  length  of  stock  required 
would  be  7X3^  or  22  inches. 

Link.  A  combination  of  circle  and  straight  lines  is  illustrated 
in  Fig.  35.  This  link  may  be  divided  into  two  semicircles  at  the 
end,  with  two  straight  pieces  at  the  sides.  The  outside  diameter 
of  the  ends  being  two  inches,  would  leave  the  straight  sides  each  two 
inches  long.  The  calculating  diameter  for  the  ends  would  be  1^ 
inches.  The  total  length  of  stock  then  required  for  the  ends  would 
be  liX3|  =  44  or  approximately  4|J^  inches.  As  each  of  the 
straight  sides  will  take  two  inches  of  stock,  the  total  length  required 
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would  be4"  +  4|J"=8|l  inches     With  asHght  allowance  for 
welding,  the  amount  cut  should  be  8}",     Another  method  of  meas- 
uring stock  is  by  using  a  measuring  wheel  such  as  is  shown  in  Fig.  36. 
This  is  simply  a  light  running  wheel  mounted  on 
a  handle  with  some  sort  of  a  pointer  attached. 
The   wheel   is   sometimes  made  with  a  circum- 
ference of  24  inches  and  the  rim  graduated  in 
inches  and  eights.     To  use  it,  the  wheel  is  placed 
lightly  in  contact  with  the  line  or  object  which  it 
is  wished  to  measure,  with  the  zero  mark  on  the 
wheel  corresponding  to  the    point   from   which 
the  measurement  is  started.     The  wheel  is  then 
pushed  along  the  surface  following  the  line  to 
be  measured,  with  just  enough  pressure  to  cause 
P  it  to  revolve.      By  counting  the  revolutions  and 

parts  of  a  revolution  made  hy  the  wheel,  the  re- 
quired distance  may  be  easily  measured. 

Scrolls  and  Irregular  Shapes  may  be  measured  by  either  of  two 
methods.  The  conmioner  way  is  to  lay  the  scroll  or  shape  off  full 
size  and  measure  the  length  by  laying  on  this  full  sized  drawing  a 
string  or  tliin  piece  of  wire,  causing  the  string  or  wire  to  follow  the 
center  line  of  the  l>ent  stock.  The  wire  or  string  is  then  straightened 
and  the  length  measured,  lliis  is  alKiut  the  easiest  and  best  way  of 
measuring  work  of  this  character.  Another  method  which  is  more 
practical  in  the  drafting  room,  consists  of  using  a  pair  of  di%'iders. 
The  points  of  the  dividers  are  set  fairly  close  together  and  the  center 
line  is  then  steppe<l  off  and  the  number  of  steps  counted.  The  same 
number  of  .spaces  are  then  laid  off  along  a  .straight  line  and  the  length 
measured. 

FORQrNa  OPERATIONS. 
Shaping.  After  the  metal  has  been  heated  it  is  slia[>ed  with  the 
hammer.  This  shaping  may  consist  of  drawing,  upsetting  or 
bending.  In  drawintj  a  bar  of  iron  it  is  made  longer  and  of  a  smaller 
diameter.  Upsetting  consists  of  shortening  the  bar  with  a  corre- 
sp>nding  increase  of  diameter.  This  work  is  usually  done  with  a 
heljier  using  a  sledge  hamnier;  the  smith  using  a  light  hand  hammer. 
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They  strike  alternate  blows.  The  helper  must  watch  the  point  upon 
which  the  smith  strikes  and  strike  in  the  same  place.  \Miere  two 
helpers  are  employed  the  smith  strikes  after  each  man.  A  blow  on 
the  an\'il  by  the  smith  is  a  signal  to  stop  striking. 

Finishing.     As   the   hammer   usually   marks    the   metal,    it   is 
customary  to  leave  the  metal  a  little  full  and  tinish  by  the  use  of 

flatters  and  swages.  This 
applies  to  work  that  has 
been  shaped  under  the 
sle<lge.  Light  work  can  be 
dressed  smoothly,  and  the 
hammer  can  be  made  to  ob- 
literate its  own  marks. 

Drawing  Out.  In  draw- 
i  n  g  out  as  well  as  in  all 
other  forging  operations  where  heavy  work  is  to  be  done,  it  is  always 
best  to  heat  the  work  to  as  high  a  temperature  as  the  metal  will  stand 
without  injury.  Work  can  sometimes  be  drawn  out  much  faster  by 
working  over  the  horn  of  the  anvil  than  on  the  face,  the  reason  being 
this:  When  a  piece  of  work  is  hammered  on  the  an\il  face  it  flattens 
out  and  spreads  nearly  as  much  in  width  as  it  does  in  length,  working 
it  out  longer  and  wider.  As  the  piece  is  not  wanted  wider  but  merely 
longer,  all   the  work  spent 


Fig.  37. 
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Fig.  38. 


in  increasing  the  width  of 
the  stock  is  wiusted.  If  the 
hammering  is  done  over  the 
horn  of  the  anvil  as  illus- 
trated in  Fig.  37,  the  round- 
ed horn  acts  as  a  blunt  wedge,  forcing  the  metal  lengthwise  and  thus 
utilizes  almost  the  entire  energy  of  a  blow  in  stretching  the  metal 
in  the  desired  direction.  Fullers  are  also  used  to  serve  the  same 
purpose  and  when  working  under  the  steam  hanuner  a  round  bar 
sometimes  takes  the  place  of  the  fuller  or  horn  of  the  anvil. 

Drawing  Out  and  Pointing  Round  Stock.  When  drawing  out 
or  pointing  round  stock,  it  should  always  first  be  forged  down  square 
to  the  required  size  and  then  in  as  few  blows  as  {)ossil)le,  rounded  up. 
Fig.  38  illustrates,  in  a  general  way,  the  difl^erent  steps  in  drawing 
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down  a  round  bar  from  a  large  to  a  smaller  size,  the  first  step  l)eing 
to  hammer  it  down  s(juare  as  at  B.  ITiis  sc]uare  shape  is  then  made 
octagonal  as  at  C  and  the  octagon  is  finally  rounded  up  as  at  D.  If 
an  attempt  In?  made  to  hammer  the  bar  by  pounding  it  round  and 

round  without  the  preliminary 
scjuaring,  the  bar  is  very  liable 
to  split  through  the  center,  the 
action  being  a  good  deal  as  il- 
lustrated in  Fig.  39,  the  effect 
of  the  blow  coming  as  shown 
bv  the  arrows  A.  The  metal 
is  s(jucH.»zc<l  together  in  this  direction  and  forced  apart  in  the  di- 
rection at  right  angles  as  indicated  by  the  arrows  B.  '^Then  if  the 
piece  be  slightly  rolled  for  another  blow,  the  sides  will  roll  by 
each  other,  and  cracks  and  splits  will  s(K)ner  or  later  develop,  leaving 
the  bar,  if  it  should  be  sawed  through  the  center,  in  a  good  deal  the 
shape  shown  in  Fig.  40.  Particular  care  should  be  taken  in  making 
conical  points  as  it  is  almost  impossible  to  work  stock  dowTi  to  around 
point  unless  the  poiut  be  first  forged  down  to  a  square  or  pyramidal 
sha])e. 


Fiu.  40. 
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Fig.  42. 


Truing  Up  Work.  In  <lrawing  out  it  often  happens  that  the 
bar  becomes  worked  into  an  irregular  or  diamond  shape,  similar  to 
the  section  shown  in  Kig.  41.  To  remedy  this,  and  square  up  the 
bad  corners,  the  bar  should  be  laid  across  the  anvil  and  worked 
much  as  shown  in  Fig.  42,  the  blows  coming  in  the  direction  indicate<l 
bv  the  arrow.  Just  as  the  hanuner  strikes  the  work  it  should  lye 
given  a  sort  of  sliding  motion.  Xo  attempt  should  be  made  to  sc]uare 
up  a  corner  by  striking  s<juarcly  down  u|)on  the  work.  The  hammer- 
ing should  all  be  done  in  such  a  wav  as  to  force  the  metal  back  into 
the  bar  and  away  from  the  high  corner. 
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Upsetting.  When  a  piece  is  worked  in  such  a  way  that  its 
length  is  shortened  and  either  or  both  its  thickness  and  width  in- 
creased, the  piece  is  said  to  be  upset  and  the  operation  is  known  as 
upsetting.  There  are  several  methods  of  upsetting,  the  one  used 
depending  largely  upon  the  shape  of  the  work.     In  short  pieces  the 

work  is  generally  stood  on  end 
on  the  anvil,  the  hammering  be- 
ing done  directly  down  upon  the 
upper  end.  The  work  should 
always  be  kept  straight,  and  as 
soon  as  a  bend  or  kink  is  started, 
it  should  be  straightened  out. 
When  a  long  piece  is  to  be  up- 
set it  is  generally  swung  back 
and  forth  horizontally  and  the 
Fig.  43.  upsetting  done  by  ramming  the 

end  against  the  anvil.  The  effect 
of  the  blow  has  a  decided  influence  upon  the  shape  of  the  upset 
piece,  as  shown  by  the  sketches  of  the  two  rivets  in  Fig.  43.  Light 
blows  affect  the  metal  for  a  short  distance  only,  as  shown  by  the 
swelled  out  end,  while  the  effect  of  heavier  blows  is  felt  more  uni- 
formly throughout  the  entire  length. 

When  rivets  are  to  be  driven  to  fill  holes  tightly,  the  blows  should 
be  heavy,  thus  upsetting  the  rivet  tightly  into  the  holes.  If  a  rivet 
is  wanted  to  hold  two  pieces  together  in  such  a  way  that  they  may 
move,  as  for  instance  the  rivet 
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Fig.  44. 


in  a  pair  of   tongs,  the   head 

should  be   formed   with   light 

blows,  thus  working  only  the 

end  of  the  rivet.     The  part 

of  the  work  which  is  heated    to  the    highest    temperature    is    the 

part  which  will   be  most  upset,  and  when  upsetting  is  wished  at 

one  point  only,  that  point  should  be  heated  to  the  highest  temperature, 

leaving  the  other  parts  of  the  bar  as  cold  as  possible.     Upsetting  long 

pieces  is  sometimes  done  by  raising  the  piece  and  allowing  it  to  drop 

on  a  heavy  cast-iron  plate  set  in  the  floor.     These  plates  are  known 

as  upsetting  plates. 
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Punching.  TN\o  kinds  of  punches  are  commonly  used  for 
making  holes  in  hot  metal;  the  straight  hand  punch  used  with  a 
hand  hammer  and  the  one  used  for  heavier  stock,  provided  with  a 
handle  and  used  with  a  sledge  hammer.     Punches  should  of  course 

be  made  of  tool  steel.  For 
punching  small  holes  in  thin 
iron  a  hand  punch  is  ordinar- 
ily used.  This  is  a  bar  of 
round  or  octagonal  steel,  eight 
or  ten  inches  in  length,  with 
the  end  forged  down  tapering 
p.    ^^  to  the  same  shape,  but  slight- 

ly smaller  than  the  hole  to  be 
punched.  Such  a  punch  for  round  holes  is  shown  in  Fig.  44.  The 
end  of  the  punch  shouM  be  perfectly  square  across,  not  at  all 
rounding.  For  heavier  iind  faster  work  with  a  helper,  a  punch  simi- 
lar to  Fig.  45  is  used,  the  stnKing  being  done  with  a  sledge  hammer. 
Fig.  40  illustrates  the  successive  steps  in  punching  a  clean  hole 
through  a  piece  of  hot  iron.  The  work  is  first  laid  flat  on  the  anvil 
and  the  punch  driven  about  half  way  through  as  shown  at  A.  This 
compresses  the  metal  directly  underneath  the  end  of  the  punch  and 


raises  a  slight  bulge  on  the  opposite  side  of  the  bar.  The  piece  is 
then  turned  over  and  the  punch  driven  into  the  bar  from  this  side 
(the  hole  being  located  by  the  bulge)  while  the  bar  is  lying  flat  on 
the  anvil.  The  punch  should  be  driven  about  half  of  the  way  through, 
leaving  the  work  as  at  C.  The  bar  is  then  moved  over  the  small 
round  hole  in  the  end  of  the  anvil,  or  is  placed  on  some  object  having 
a  hole  slightly  larger  than  the  hole  to  be  punched,  and  the  punch 
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driven  clear  through,  driving  out  the  small  piece  A  and  leaving  the 
hole  as  shown  at  D.  It  would  seem  easier  to  drive  the  punch  com- 
pletely through  the  work  from  one  side.  If  this  were  done,  however, 
the  hole  would  be  left  as  shown  at  E,  one  side  would  be  rounded  in, 
and  the  other  side  would  be  bulged  out,  while  the  hole  would  have 
a  decided  taper,  being  larger  at  the  end  from  which  the  punching 
was  done.  If  the  piece  be  thick,  after  the  hole  is  started,  a  little 
powdered  coal  is  put  in  and  the  punching  continued.  The  coal 
prevents  the  punch  from  sticking  to  some  extent. 

Ring  and  Eye  Bending.  In 
making  a  ring  or  eye  the  first 
step  is  of  course,  to  calculate  the 
amount  of  stock  required.  In 
making  ordinary  rings  four  or 
five  inches  in  diameter,  the  stock 
should  be  heated  for  about  half  its  length.  In  starting  the  bend,  the 
extreme  end  of  the  piece  is  first  bent  by  placing  tlie  bar  across  the  horn 
of  the  anvil  and  bending  it  down  as  illustrated  in  Fig.  47.  The  bar  is 
then  pushed  ahead  and  bent  down  as  it  is  fed  forward.  The  blows 
should  not  come  directly  on  top  of  the  horn  but  fall  outside  of  the  point 
of  support  as  illustrated.  This  bends  the  iron  and  does  not  hammer 
it  out  of  shape.     One-half  of  the  circle  is  bent  in  this  w^ay,  the  stock 


Fig.  47. 


Fig.  48. 


Fig.  49. 

turned  end  for  end,  the  other  end  heated,  and  the  second  half  bent 
in  the  same  way  as  the  first,  the  bending  being  started  from  the 
end  as  before. 

Eye  bending  is  done  in  a  somewhat  different  manner.  Suppose 
it  be  required  to  bend  up  an  eye  as  shown  in  Fig.  48.  To  calculate 
the  amount  of  stock  recjuired:     The  diameter  in  this  case  to  be  used 
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is  two  inches,  and  the  amount  of  stock  required  2^x3J''=6| 
practically  6}'^.  This  distance  is  laid  off  by  making  a  chalk  mark 
on  the  anvil  6|"  from  the  end.  The  iron  is  heated  and  placed  against 
the  anvil  v^ith  one  end  on  the  chalk  mark  and  the  other  end  extend- 
ing over  the  end  of  the  anvil.     The  hand  hammer  is  then  held  on  the 

bar  with  one  edge  at  the  edge  of  the  anvil, 
thus  measuring  off  the  required  distance  on 
the  bar.  Still  holding  the  hammer  on  the 
bar  the  piece  is  laid  across  the  anvil,  w^ith 
the  edge  of  the  hammer  even  with  the  edge 
of  the  an\il  and  the  6  J  inches  extending  over 
the  edge  or  corner.  This  piece  is  then  bent 
down  into  a  right  angle  as  shown  in  the  first 
illustration  of  Fig.  49.  The  eye  is  bent  in 
much  the  same  manner  as  the  ring,  except 
that  all  the  bending  is  done  from  one  end,  the  successive  steps 
being  shown  in  the  illustration.  Small  eyes  are  closed  up  in  the 
manner  shown  in  Fig.  50. 

Bend  with  Square  Forged  Corner.      Brackets  and  other  forg- 


Fig.  50. 


/ 


Fig. 


51. 


ings  are  frequently  made  with  the  outside  corner  square  and  sharp, 
as  showTi  at  C,  Fig.  51.  This  may  be  done  in  either  of  two  ways;  by 
the  first  method  the  corner  is  bent  from  the  size  of  stock  required 
for  the  sides,  being  first  bent  to  the  shape  of  A.    This  comer  is  then 
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scjuared  by  upsetting  the  metal  at  the  bend,  the  blows  coming  as 
shown  by  the  arrows  at  B.  The  work  should  rest  on  the  anvil  face, 
and  not  over  one  comer,  while  being  hammered. 

The  second  method  is  to  use  thicker  stock  and  draw  out  the 
ends  leaving  a  hunxp,  shown  at  D,  where  the  outside  comer  of  the 
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Fig.  52. 

bend  is  to  come.  The  dotted  lines  show  the  original  shape  of  the 
bar;  the  solid  lines  the  shape  l)efore  bending.  Sometimes  stock  is 
taken  of  the  si^e  used  in  the  first  method  and  upset  to  form  the  ridge, 
in  place  of  drawing  out  the  heavier  stock. 

The  first  method  is  the  one  more  commonly  used  on  medium 
sized  work. 

SIMPLE  FORGING, 

Twisted  Gate  Hook.  It  should  be  understood  that  the  descrip- 
tion given  here  will  serve  not  only  as  a  description  of  the  particular 
piece  in  question  but  also  as  a  general  description  of  a  variety  of 
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Fig.  53. 


Fig.  54. 


similarly  shaped  forgings.    Tlie  methods  used  may  be  employed 
on  other  forgings  of  the  same  general  shape. 

Fig.  52  shows  a  twisted  gate  hook.  To  start  with,  it  is  necessary 
to  determine  exactly  what  lengths  the  different  parts  of  the  hook  will 
have  after  they  are  forged  to  dimensions,  and  before  they  are  bent 
to  shape.     Before  bending,  the  work  is  first  drawn  down  to  size  as 
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is  indicated.  The  bar  is  left  square  in  the  center  for  the  central 
part,  and  each  end  is  drawn  to  one-quarter  inch  round  to  form  the 
hook  and  eye  ends.  The  length  of  stock  after  being  drawn  out  to 
J"  round  required  to  make  the  eye,  is  2i  inches.  Allowing  about 
one-quarter  of  an  inch  for  the  straight  part  l)efore  the  eye  is  reached 
would  make  the  total  amount  of  stock  required  for  the  eye  2  J  inches. 
To  obtain  the  amount  of  stock  for  the  hook  it  is  necessary  to  lay  off 
the  hook  full  size.  If  the  drawing  be  full  sized  the  measuring  may 
be  done  directly  on  the  drawing,  but  if  not,  a  rough  sketch  having 
the  proper  dimensions  should  be  laid  off  and  the  measuring  done  on 
that,  the  measuring  of  course  being  done  along  the  dotted  center 
line.  This  measuring  is  done  by  simply  laying  a  string  on  the  dotted 
line,  then  straightening  out  the  string  and  measuring  its  length.  In 
this  way  it  will  be  found  that  2;  inches  is  require<l  by  the  hook.  The 
first  step  is  then  to  forge  the  work  into  the  shape  shown  in  Fig.  52. 

Forming  Shoulders.  The  shoulder 
where  the  niund  stock  joins  the  square 
should  be  forged  in  the  manner  indicated 
in  Fig.  r)3.  The  bar  is  laid  across  the 
anvil  with  the  point  where  the  shoulder 
is  wished,  lying  directly  on  the  comer  of 
the  anvil.  The  set  hammer  is  then  placed 
on  top  of  the  work  in  such  a  way  that  the 
edge  of  the  set  hammer  comes  directly  in 
line  with  the  edge  of  the  anvil.  The  set  hammer  is  then  driven  into 
the  work  with  a  sledge  hammer.  The  bar  should  be  turned  continu- 
ally or  an  uneven  shoulder  will  be  the  result.  If  a  shoulder  is 
wanted  on  one  side  only,  as  illustrated  in  Fig.  54,  it  should  be 
worked  in  as  indicated  there.  That  is,  one  side  of  the  iron  should  lie 
flat  on  the  anvil  face  while  the  set  hammer  works  down  the  metal  next 
to  the  shoulder. 

After  the  two  ends  of  the  hook  are  drawn  out,  the  eye  and  the 
hook  are  bent  up  into  shape.  The  twist  in  the  center  of  the  hook 
may  be  made  by  using  either  two  pairs  of  tongs  or  twisting  in  a  vise. 
By  the  latter  method  a  mark  is  first  made  on  the  vise  in  such  a  way  that 
when  the  end  of  the  hook  is  placed  even  wnth  the  mark,  the  edge  of 
the  vise  will  come  at  the  end  of  the  point  where  the  twist  is  wanted. 
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The  hook  should  be  heated  and  j)laced  in  tlie  vise,  the  other  end 
l>eing  grasped  by  a  pair  of  tongs  in  such  a  way  that  the  distance 
between  the  tongs  and  the  vise  is  just  equal  in  length  to  the  twist. 
The  twist  is  made  by  simply  revolving  the  tongs  around.     In  mak- 
ing a  twist  of  this  kind,  no  al- 
lowance need    be    made  in 
length,  as  it  practically  has  no 
effect  on  the   length  of  t  h  e 
stock. 

Eye  Bolts  are  made  by  two 
general  methods,  being  either 
solid  or  welded.  The  solid 
"  eye  lx)lt  is  much  the  stronger. 
A  solid  eye  lx)lt,  or  forged 
eye,  as  it  is  sometimes  called, 
may  be  started  in  the  general 
manner  illustrated  in  Fig.  55. 
A  nick   is  made  on  either 
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Fig.  56. 


side  of  a  flat  bar  by  using  top  and  bottom  fullers  a.s  illustrated.  The 
end  is  then  rounded  up  as  shown  in  Fig.  5().  Particular  attention 
should  be  given  to  seeing  that  the  eye  is  forged  as  nearly  to  a  perfect 
circle  as  possible  before  any  punching  is  done.  The  stock  around 
the  eye  is  rounded  up  over  the  horn  of  the  anvil,  by  swinging  it  back 
and  forth  as  it  is  hammered. 
The  hole  when  first  punched  is 
like  B,  but  when  finished  should 
l>e  like  C.  llie  other  end  of  the 
l)ar  is  then  drawn  down  to  form 
the  round  shank.  If  a  verj'  long 
shank  is  wanted  a  short  stub 
shank    may    l)e    formed    and    a 


Fig.  57. 


round  bar  of  the  proper  size  welded  on. 

Welded  eve  bo\ts  mav  l)e  made  in  two  difTerent  wavs.  The  easier 
metho<l  produces  an  eye  shaped  as  in  Fig.  57.  To  make  siTch  a  bolt, 
first  scarf  the  end  so  that  it  will  fit  over  the  bend  of  the  rod  along  the 
dotted  Imeab.  Bend  the  eve  over  the  horn  of  the  anvil.  P^inallv  brini;  to 
a  welding  heat  and  weld  in  accordance  with  instructions  already  given. 
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All  eye  of  better  a|)|)eHranc*e,  as  shown  in  Fig.  58,  is  made  a.s  fol- 
lows:    Upset  the  body  of  the  metal  as  a  seat  for  the  scarf  at  the  einl, 


ri«.  .-)S. 

shown  at  a,  Fi^.  5S.     Scarf  the  end  of  the  bar  and  l)end  over  the  horn 
of  the  anvil  int<^  a  true  circle  to  fit  the  seat  at  a,  and  then  weld  as 

before. 

Tlie  lenjjjth  of  metal  rec|uired  for  an  eye  or  ring  is  nearly  equal 
to  the  length  of  the  circumference  of  a  circle  whose  diameter  is  ec|ual 

to  the  mean  diameter  of  the  ring.  Thus  in 
Fig.  ')S  the  length  required  for  the  eye  will  be 
approximately  the  length  of  the  circle  ahch 
whose  diameter  is  a  c. 

Chain  Hooks,  lliese  are  made  in  a  vari- 
i— >  ctv  of  .shai)cs  and  with  solid  or  welded  eves. 
tlic  general  method  of  making  the  eyes  being 
exactly  a^  (Icscribcd  before  under  "Eve  Bolts'*. 
A  (•ommoii  shape  is  shown  in  Fig.  59.  The 
stock  is  forged  into  shape  similar  to  Fig.  G() 
To  <letermiiH*  the  length  A  the  drawing  is  meas- 
ured in  the  >a:iie  way  as  descrihed  in  making  the  gate  hook.  The 
weakest  poiiil  in  most  lio(^ks  is  tiie  part  lying  between  the  lines  marked 
J*  X  in  Fig.  .")<).  This  part  of  the 
h(M>k  should  be  heavier  and  stronger 
than  the  other  parts.  When  a  strain 
is  ])ut  on  the  hook,  there  is  always 
a  tendency  to  straighten  out  or  to 
assume  the  shape  shown  l)y  the  dotted  lines.  When  forging  the 
h(H)k  into  shape,  the  dimension  H,  Fig.  (iO,  should  be  made  such  that 
the  heaviest  part  of  the  hook  comes  in  this  weakest  j)oint.  After  the 
h(K)k  is  entirely  forged  to  size,  it  should  be  IxMit  into  shape.     Hooks 


before  beini;  l;ent. 
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•nt  iiuule  fnmi  nmiid  ami  s(|iiare  iron.  When  iiuule  for  liook- 
(T  a  link,  anil  sii  shaped  that  tlie  tlin>at  or  o[)ening  is  just 
large  enough  to  yjip  easily  over  a 
link  cttgewise,  but  ten)  narrow  to 
slip  olf  of-  this  link  down  to  tlie  one 
which,  iif  course.  Is  turned  at  right 
angles,  the  liook  is  known  as  a  grab 
hook. 

Hoisting  Hooks.  A  widely  ac- 
cepted shape  fur  hook,s  of  this  char- 
acter iise<l  on  cranes  is  shown  on 
Fig.  01.  'riie  shape  and  formulae 
for  the  dimensions  are  given  by  Mr. 
Henry  U.  Town  in  his  "Treatise  on 
Cranes".  T=\Vorkingload  in  tons 
(if  2,000  lbs.  A  =  Diameter  of 
round  stock,  in  inches,  iiseil  to  form 
the  hook.  The  size  of  stock  required  for  a  hook  to  carry  any  par- 
ticular load  i.s  given  Ijelow.  The  load  for  which  the  hook  is  designed  . 
is  given  in  the  upper  line,  the  lower  line  gives  the  size  of  tlie  stock  to 
l>e  used  in  making  the  hook. 


Fig.  fil. 
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The  other  dimensions  of  the  hook  arc  found  h; 
mulae.  all  of  the  dimensions  being  given  in  inches. 
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the  following  for- 


I)  -    ..i    T  + 

I.2.- 

K  -     .M  T  + 

i.r> 

P  -     .33  T  + 

.So 

G  _    .7.5  D 

O  -    .3C3T  + 

M 

Q  -    .04  T    + 

i.r 

H  -  1.08  A 

I  .  1.33  .\ 

.1  -  1.2     .4 

K  -  1.13  A 

I.  -  1  .(I.-1  A 

M  -  ..',    A 

X  -  .s.-)  n  -  . 

f  -  .siidA 


To  illustrate  the  use  of  the  table,  .suppose  it  lie  retjuired  to 
make  a  hook  to  raise  a  load  of  5(XI  Ihs.  or  one-(|uarter  of  a  ton.  Ill 
the  line  marked  "T"  is  found  the  load  J.     Directly  lielow  are  figures 
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}  J  showing  the  size  of  stock  to  be  used.     The  dimensions  of  the  hook 
will  be  found  as  follows: 

D  =  .5     X   1   +  1.25"  =  If". 

E  =  .()4   X   1  +  1.6"     =  lfalx)ut.        Etc. 


I  =  1.33  A  =  1.33  X  U  =  .915  or  about 
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When  reducing  the  decimals  the  dimensions  which  have  to  do  only 
with  the  bending  of  the  hook,  i.e.,  the  opening,  length,  the  length  of 
point,  etc.,  may  be  taken  to  the  nearest  16th,  but  the  dimensions 
through  the  body  of  the  hook  or  stock  should  be  reduced  to  the  near- 
est 32nd  on  small  hooks.  Tlie  completed  dimensions  of  the  hook 
in  question,  500  lbs.  capacity,  would  be  as  follows: 

T    _    2  9/)^ 

^  —  32r 

'    —    16 
IsT    _    2  5// 

i^  =  w 

M  =  U" 

XT  —   _9  // 

Bolts.  Bolts  are  made  by  two  methods,  the  head  being  made 
by  either  upsetting  or  welding.  The  first  method  is  more  common 
on  small  bolts  and  iiiachine  made  bolts.  The  welded  head  is  more 
connnonly  used  for  heavy,  hand    forged  bolts.     The  upset  head  is 

the  stronger  provided  both  are  equally 
well  made.  The  size  of  the  bolt  is 
always  given  as  the  diameter  and 
length  of  shank  or  stem.  Thus  a  bolt 
known  as  V'  X  6",  or  V"  bolt  6''  long, 
would  mean  a  bolt  having  a  shank  1" 
in  diameter  and  (V  long  from  the 
under  side  of  the  head  to  the  end  of 
the  stem,  having  the  dimensions  of  the 
bolt  shown  in  Fig.  62.  The  dimen- 
sions of  the  l)(>lt  heads  are  alwavs  the  same  for  the  same  sized  bolt, 
and  are  determined  from  the  diameter  of  the  shank.  The  diameter 
of  the  head,  shown  at  I),  Fig.  G2,  is  the  distance  across  the  head  from 
flat  side  to  flat  side,  and  is  known  a.s   the  diameter  across  the  flats. 
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Fig.  02. 
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^rhe  thickness  of  the  head  is  taken,  as  shown  at  T.  If  S  ec|uais  the 
cHameter  of  the  shank  of  the  bolt,  the  dimeasioas  of  the  head  would 
be  as  follows: 

D  =  lixs-f  r 

T  =  S 
For  a  two-inch  bolt  the  dimensions  would  Ix;  as  follows: 

Diameter  of  head  U  X  2^  +  J''  =  3^" 

The  thickness  of  head  would  be  equal  to  diameter  of  the  shank, 
or  2^.  These  dimensions  are  for  rough  or  unfinLshe<l  heads.  Each 
dimension  of  a  finished  head  is  j^^  of  an   inch  less  than  the  same 


Fig.  63. 

dimension  of  a  rough  head.  Bolts  generally  have  the  top  comers 
of  the  head  rounded  or  chamfered  off.  This  may  l>e  done  with  a 
hand  hammer;  or  a  cupping  tool,  which  is  .simply  a  set  hammer 
with  the  bottom  face  hollowed  out  into  a  cup  shape,  may  be  used. 
Upset  Head  Bolts.  The  general  method  of  making  bolts  of 
this  kind,  when  a  single  lx)lt  is  wanted,  is  de8cril)ed  l>elow.  The  method 
of  up.setting  is  shown  in  Fig.  64. 

AMiere  large  f|uantities  of  lx)lts  are  tr)  l>e  murle,  the  bars  are 
heated  in  a  furnace  and  headed  by  .sj)ecial  machinery.     Wlicre  the 

work  is  done  by  hand   the  tor>l.s  are  of   the 
r    I  r~'j^         simplest  character.     The  header  consists  of 

a  disc  in  which  a  hole  lias  been  drillerl  to 
corresj)ond  to  the  diameter  of  the  Imlt.  A 
handle  12  or  15  inches  in  length  is  welde<l 
to  the  di.sc.  Such  a  tool  is  shown  in  Fig. 
63.  The  hole  should  be  alx^ut  A  inch 
larger  than  tlie  nominal  size  of  iron.  To^ 
make  a  bolt  with  this  tool :  First  cut  off  the  iron  to  tlie  ref|uire(l  length ; 
then  heat  the  end  to  l>e  headed,  to  a  dull  straw  color;  strike  the  end  with 
a  hammer  or  against  the  anvil  and  upset  it  so  that  the  portion  intended 
for  the  formation  of  the  head  will  not  pass  through  the  header.  Then 
place  the  hole  of  the  header  over  the  square  hole  in  the  tail  of  the 
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anvil  and  drop  the  cold  end  of  the  bolt  through  it.  Strike  the  pn)- 
jectinji:  portion  of  the  bar  and  upset  it  until  the  rec|uisite  thickness 
of  heafl  is  obtained.     This  will  probably  leave  a  head  of  curved  but 

irregular  outline.  Remove 
from  the  header  and  square 
the  head  thus  upset,  on  the 
face  of  the  anvil.  This  will 
probably  thicken  the  hea-l. 
Again  drop  tlie  cold  end 
through  the  header  and 
strike  the  head  until  it  is 
reduced  to  proper  thick- 
ness. After  which,  again 
square  the  edges  on  the  face  of  the  anvil.  In  doing  this  work,  the 
smith  will  hold  the  header  in  his  left  hand.  The  work  will  be  facil- 
itated if  a  helper  assists  with  a  sledge  hammer. 

There  are  a  nuinl)er  of  simple  tools  in  use  for  clamping  the 


FiK.  (>r,. 
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bar  while  it  is  being  headed  ^o  af?  to  jivoid  the  preliminary  upsetting. 
Welded  Head  Bolts   are  made  by  welding  a  ring  of  square  inm 
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around  tlie  end  of  tlie  sliank  to  form  tlie  head.  'Die  ring  is  generally 
l)ent  up  on  the  end  of'a  bar  as  shown  at  A,  Fig.  6.'5,  but  not  welded. 
This  ring  is  cut  off  and  place<l  on  the  end  of  the  shank  as  shown  at 
n.  The  joint  in  the  ring  should  be  left  slightly  open  to  allow  for 
the  expansion  in  welding.  The  ring  is  fastened  to  tlie  end  of  the 
shank  by  striking  it  on  one  .side  and  squeezing  it  against  the  shank. 
The  bolt  is  put  into  the  fire,  heated  to  the  weliling  heat,  and  the 
hemi   weide<l    up  into  the  re- 

quired  shape.   Tiie  ring  should 

SO^^^^  not  be  welded  round  at  first, 
5  it  is  difficult  in  this  way  to 
make  a  sound  joint,  there  be- 


Fig.  67. 


ing  a  much  better  ciiance  of  doing  -sound  work  by  welding  the  head 
directly  stjuare  or  hexagonal  as  required.  No  attention  need  be 
paid  to  the  joint  in  tlie  ring  as  this  will  take  care  of  itself.  Con- 
siderable care  must  be  used  in  taking  the  welding  heat,  as  all  the 
heat  which  reaches  tlie  Joint  must  pass  through  the  ring  and  there 
is  a  good  chance  of  burning  the  ring  before  the  .shank  reaches  tlie 
welding  heat  if  the  heating  is  not  done  slowly  and  carefully. 

Tong^  Common  flat  jawed  tong.s,  .such  as  are  used  for  hold- 
ing light  work  up  to  alKtut  three-quarters  of  an  inch  thick,  may  be 
made  as  follows:  Stock  .shoukl 
l)e  about  three-<|uarfers  of  an 
inch  s<|uare.  Tlie  first  step  is  to 
make  a  l>en<l  near  the  end  simi- 
lar to  A  in  Fig.  fiO.  The  lient 
.stm-k  is  then  laid  across  the  an- 
vil in  the  position  shown  at  (" 
and  the  eye   formed   by  .striking 

ilown    upon    it    with    a    .sle<ige  I'ifr.  cs. 

hammer.     A  sot    hammer   may 

l>eu.se<l  for  this  work  by  placing  (he  work  fiat  sidotlown  on  (he  top  of 
the  anvil  and  working  down  tin-  stock  for  the  eye.  next  to  tlie  .slmulder, 
with  the  .set  hammer.  To  make  (he  liaudlc,  enough  stoi-k  may  lie  taken 
and  drawn  out  as  shown  iit  I)  ami  a  <i>uiplete  handle  forgetl  in  tliis 
way,  or  a. small  amount  of  stock  may  be  taken  anil  a  .short  slnh  forgtnl 
out.     Enough  round  .stcK'k  is  then  wclilcil  on  to  nuikc  the  proper  length 
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of  handle,  as  sho^ii  in  Fig.  67.  The  jaw  is  tapered  down  as  sho^n  at 
E.  ITie  last  step  is  to  punch  the  hole  for  the  rivet.  It  is  always  a  gcxKl 
plan  to  slightly  crease  the  inside  fac-e  of  the  jaw  with  a  fuller,  as  this  in- 
sures the  jaws  gripping  the  work  firmly  \inth  the  edges,  and  not  touch- 
ing it  simply  at  one  point  in  the  center,  as  they  sometimes  do  if  this 

crease  is  not  made.     The 
^^^'-:^5c^5c^-:=-^-,^  tongs  are  then  riveted  to- 

gether, the  riveting  l>eing 
done  with  the  round  end 
of  the  hammer;  in  this 
way  a  head  is  formed  on 
the  rivet  without  upset- 
ting the  shank  of  the  rivet 
very  much  where  it  j)asses  through  the  hole.  After  riveting,  the  tongs 
will  probably  be  stiff  or  hard  to  move.  They  may  l>e  loosened  up 
by  heating  the  eye  part  red  hot  and  moving  the  handles  forward  and 
backward  two  or  three  times.  They  should  then  be  firmly  fitted 
to  the  work  to  be  handled. 

Tongs  for  Round  Stock  may  l)e  made  by  the  general  metliod 
described  above,  tlie  only  difference  being  that  after  the  jaws  are 
shaped,  and  before  riveting  together,  they  should  be  rounded  up  as 
ilhistrated  in  Fig.  OS,  using  a  fuller  and  swage  as  shown. 

Light  Tongs  may  be  made  from  Hat  stock  in  the  manner  illus- 
trated in  Fig.  09.     A  cut  is  made  in  a  piece  of  flat  stock,  with  a  fulled. 


FiR.  09. 


B 


Fijx.  70. 

near  cme  end.  This  end  is  twisted  over  at  right  angles  as  shoA^n  atB. 
Another  cut  is  made  on  the  opposite  side,  as  at  (\  and  the  end  drawn 
out  as  indicated  bv  tlic  dotted  lines.  The  tongs  are  then  finished 
in  tlie  usual  way.  Tongs  of  this  character  may  be  used  for  very 
light  work  and  are  easily  made. 
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Pick-Up  Tongs  are  made  in  much  the  same  way  as  descriljed 
above,  the  different  steps  being  illustrated  in  Fig.  70. 

Bolt  Tongs  may  be  made  from  round  stock,  although  scjuare 
may  \ye  sometimes  used  to  advantage.  The  first  step  is  to  bend  the 
bar  in  the  shape  shown  in  Fig.  71.     This  may  be  done  l)y  the  fuller 

at  the  etlge  of  the  anvil,  shown   at 
A,  or  on  a  swage  block  as  at   B. 
The  jaw  proper  is  rounded  and  fin- 
Q  ished  with  a    fuller  and   swage   as 

-      \2  ^1      shown  in  Fig.  72.      The   part  be- 

LJ      ^-^^  /O/       tween  the  jaw  proper  and  the  eye 

may  l)e  worked  down  into  shape  by 
the  fuller  and  set  hammer.  The 
finishing  may  be  done  as  indicated 
in  Fig.  73.  The  eye  and  handle  are 
then  flattened  down  and  drawn  out. 
the  tongs  are  punched,  riveted  to- 
gether, finished,  and  fitted  in  the 
usual  manner. 
I   ^^-^^^V^^  Ladles  similar  to  the  one  shown 

S  B  in  Fig.   74,  may  be  made  from  two 

fig  71  pieces  welded  together,  one  forming 

the  handle,  the  other  the  bowl, 
or  as  sometimes  is  done,  the  handle  may  be  riveted  on.  A  piece 
of  flat  stock  is   first  'iaid   out"  as  shown   in   Fig.   75.      This   is 


A  B 

Fig.  72.  FiR.  73. 

then  cut  out  with  a  cold  chisel  and  the  handle  welded  on  at  the  pro- 
jecting point.  The  lx)wl  is  formed  by  heating  the  stock  to  an  cvc^ 
heat  and  placing  it  over  a  round  hole  in  a  swage  block  or  other  object. 
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Fig.  74. 


This  hole  sliould  l>e  sliglitly  smaller  than  the  outside  diameter  of 

the  piece  to  Ixi  worked.     To  round  the  bowl  it  is  worked  as  indicated 

in  Fig.  76,  with  the  pene  end  of 
the  hammer.  The  forming 
should  be  done  as  much  as  possi- 
ble by  working  near  the  edge  of 
the  piece  rather  than  in  the  cen- 
ter. After  the  bowl  has  been 
properly  shaped  the  edges  should 
be  ground  off  smooth  and  the  lips 

formed  as  shown  in  Fig.  77.     This  is  done  by  placing  the  part  from 

which  the  lip  is  made  against  one  of  the  small  grooves  in  the  side  of 

the  swage  block  and  driving  in  a  piece  of 

small  round  iron,  thus  hollowing  out  the  lip. 

The  stock  draws  in  somewhat  when  be- 
ing rounded  up.     For  the  bowl  of  a  ladle 

Si'^  in  diameter,  the  stock  when  flat  should 

have  an   outside    diameter    of   about    four 

inches,  and  be  one-eighth  of  an  inch  thick. 

Machine  steel  should    be  used    for  making 

the  bowl.     If  ordinary  wrought  iron  is  u.sed 

the  metal  is  almost  sure  to  split. 


Fig.  75. 


CALCULATION  OF  STOCK  FOR  FORGED  WORK. 

The  calculations  made  previously  for  stock,  were  for  stock  which 
was  simply  bent  into  shape,  the  original  section  or  size  of  the  stock 
remaining  unaltered.  There  is  a  large  variety  of  work  where  the 
shape  of  the  stock  is  considerably  changed,  and  where  it  is  essential 
to  know  the  amount  recpiired  to  make  a  given  forging.  In  doing 
this  kind  of  work  one  rule  must  be  remembered,  i.e.,  that  the  volume 
of  the  .stock  remains  unaltered  although  its  shape  may  l)e  changed. 
Take  as  an  example  the  forging  shown  in  Fig.  7S,  let  us  determine 
the  amount  of   .stock  recjuircd  to  make  the  piece. 

The  forging  is  made  in  the  general  manner  shown  in  Fig.  79. 
A  piece  of  stock  should  be  taken  large  enough  in  section  to  make  the 
block  B,  which  will  mean  that  it  will  be  one  inch  wide  and  half  an 
inch  thick.     The  metal  is  worked  by  making  the  fuller  cuts  as  shown 
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in  PiR-  7B  ui()  tlieu  <lrawiiig  down  tlie  t-mls  lu  the  n-(|iiire(I  sis*,  it 
being,  iif  c»urw.  necessary  In  know  tlic  umouiit  i»f  sltick  rtH|ijirwi  for 
caHi  criti. 

Fur  cxinvcniciicT  in  calculating,  the  fnrfriiijr  will  be  liividcil  iritn 


ttirw  |iurt-s,  liic  mundiil  end  A.  tlic  central  reclanKiilar  Mitck  B,  and 
the  s(}uuro  end  C     Tlw  slm-k  used  iwin^  1"  X   \"  llie  block  H  will 
of  course  rcf|uirc  just  two  im-lit»  of  stock. 
^^^^     ri  I    The  end  C  would  liuve  a  volume  of  J"  X  ^' 

^^H  M  O  Of  "^  ■*"=  Sofa  «^u''K- inch.  The  stock  has  a 
^^■^^,^^V^  S  volume  of.  i"  X  1"  X  l".  =  \  of  a  cubic 
^^^^■^—^  ^^TT''  inch  for  each  inch  of  lenglli.  The  iiunilwr 
^^^^P  S^         )      of  inciie.s  of  .stiK-k  refjiiired  for  the  end  (' 

^^  _y~^       would  then  W  j   ^   i  or  U   inches.      The 

'*'■"*  end  A  is   u   roimd   shaft   or   cylinder   four 

inches  long  and  I"  in  diameter,  To  find  tlie  volume  of  a  cylinder,  mul- 
tiply (he -stiuare  of  the  radius  (5  the  diameter)  by  :J1  and  ihenmuldply 
this  result  by  the  length  of  the 
cylinder.  TIii.s  will  ; 
nilomr  ftf  .\  us  \  X 
X  4  -  ! 1  and  the 
utock  re<(uircil   to  make    this 

|]»ci-e  wouki    Iw    li    -5-    J    =     M.  which  may  l>c  taken  iis  Ij  inches. 
There  is,  of  course,  .sonn!  flight  lo^t  due  to  si-iding  in  working  the 


igth  of  the 
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iron,  which  must  be  allowed  for.  This  is  generally  clone  by  adding 
a  slight  amount  to  the  minimum  amount  recjuired  in  each  case. 
The  amount  of  stock  required  in  this  case  would  be  about, 

Round  shaft  A If 

Block  B 2^^ 

Square  shaft  C ^l^ 


Total Sr 

When  the  forging  is  started,  cuts,  which  are  afterward  opened 
up  with  a  fuller,  may  be  made  as  shown  by  the  upper  sketch  in  Fig.  79. 


^ /t-^r^-^^z"    -I'    // 
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FiK.  79. 

In  this  particular  case  it  is  not  absolutely  necessary  that  exactly  the 
proper  amount  of  stock  Ije  taken,  as  it  would  be  a  very  easy  matter 

to  take  a    little    too    nuich 
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1 


1^ 


3Q 


<. 


6  ^ 


Z< 


■^T 
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FiR.  so. 


and  trim  off  the  surplus 
from  the  ends,  after  the 
forging  was  made. 

With  the  forging  such  as 
shown  in  Fig.  SO,  however,  it  is  essential  that  the  exact  amount  \ye 
used.  This  forging,  which  is  the  general  shape  of  a  connecting  rod, 
would  be  started  as  shown  in  Fig. 
81,  and  it  is  quite  important  that 
the  distance  A  be  correct.  The  stock 
used  should  be  2"  X  4".  Each  end 
will,  of  course,  recpiirc  just  ()"  of 
stock.  The  center  part  is  a  cyl- 
inder 2"  in  diaiiietcr  and  24"  long,  tlic  volume  of  which  would  l)e 
1"  X  1"  X  31  X  24"  =  To^  cubic  inches,  which  may  be  taken  as 
75',  cubic  inches.     For  each  inch  in  length  the  2"  X  4"  stock  would 
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have  a  volume  of  4^  X  2^^  X  I''  =  8  cubic  inches.  Therefore  it  would 
reipiire  Toi  -^  8  =  9  j'^''  of  stock,  to  form  the  central  piece,  conse- 
quently the  distance  between  the  cuts  shown  at  A  in  Fig.  81  will 
be  9  iV.  To  this  might  be  added  a  slight  allowance  for  loss  in 
scaling.  TlTie  total  amount  of  stock  re<|uireil  would  l>e  6"  +  6"  + 
9^'^''=^2l^\^.  Any  forging  may  generally  be  separated  into  simple 
parts  of  uniform  shape  as  was  done  above.  In  this  form  the  cal- 
culation may  be  easily  made. 

Weight  of  Forging.  To  find  the  weight  of  any  forging  the  vol- 
ume may  first  be  found  in  cubic  inches  and  this  multiplied  by  .2779, 
the  weight  of  wTought  iron  per  cubic  inch.  If  the  forging  be  made 
of  steel,  the  figures  .2936  should  be  used  in  place  of  .2779.  This 
gives  the  weight  in  pounds.  Below  is  given  the  weight  of  \\Tought 
iron,  cast  iron  and  steel  both  in  pounds  per  cubic  inch  and  per  cubic 
foot. 

Cast  Iron  450  per  cu.  ft.         .2604  per  cu.  inch. 

Wrought  Iron  480   "     "    "  .2779  "    "     '' 

Steel  490  "     ''    "  .2936  "    "     " 

Suppose  it  were  required  to  find  the  weight  of  the  forging  shown 
in  Fig.  78.  A  has  a  volume  of  }  |  cubic  inch,  C  |  cubic  inch 
and  B  1  cubic  inch,  making  a  total  of  2  i|  cubic  inches.  If  the 
forging  were  made  of  wTought  iron  it  would  weigh  2  i  ^  X  .2779  = 
.7  lbs.  The  forging  in  Fig.  80  has  a  total  volume  of  1712  cubic 
inches  and  would  weigh,  if  made  of  wTought  iron,  47.64  lbs. 

A  much  easier  way  to  calculate  weights  is  to  use  tables  such  as 
given  on  pages  46  and  47.  The  first  table  gives  the  weights  per  foot  of 
flat  iron  bars.  In  the  second  table  is  given  the  weights  for  each  foot 
of  length  of  round  and  square  bars. 

^\^len  using  the  table  on  page  46  to  ascertain  the  weiglit  of  any 
size  of  flat  iron  per  foot  of  length,  look  in  the  first  c\)hunn  at  the  left 
for  the  thickness.  Then  follow  out  in  a  horizontal  line  to  the  column 
giving  the  width.  The  number  given  will  be  the  weight  in  pounds 
of  cne  foot  of  the  desired  size. 

To  use  the  table  for  calculating  weights,  the  procedure  would  be  as 
follows: 

Taking  Fig.  80  as  an  example,  each  end  is  2"  X  4"  and  (>"  long 
and  the  two  ends  would  be  e(jual,  as  far  as  weight  is  concerned,  to  a  bar 
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Length,   12  Inches. 
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2"  X  4"  ami  1  ft  long.  Fronitlietjililo  it  will  Iw  seen  that  abar2*  X  2* 
weigliM  lli.lSiJ  ll).s.  itiiii  a  liar  2"  X  4",  l)eing  twice  a,s  thick  would  weigh 
twi<v  th;it,  or  2*1. (Jli  Hw.  A  J)ar  two  iiiche.s  in  diameter  weighs  10.47 
His.  per  foot  and  a.s  tin-  irritrai  part  of  the  forging  Is  2  ft.  long,  it  will 
weigh  2(1.04  ll>.s.,  making  tlie  tolal  weight  of  the  forging  47.6  His. 
Finish.  Miiny  forgiiiffs  arc  iiiachined  or  "fiiii.slieil"  after  leaving 
the  forge  .slioji.  'I'Ilo  drawing.s  art;  always  made  to  represent  the 
liiiislieii  work  ami  therefore  give  IIk-  lini.slieil  dimensions,  and  it  is 
iieni.s.siiry  when  thi.s  fiiri.shiiig  is  to  he  lione,  to  make  allowanee  for  it 
when  making  the  forging,  that  all  jiart.s  which  have  to  Ijc  finisluvt  or 
"inachiiicil"  may  W  left  with  extra  metal  l<i  l>e  removed  in  finisliing. 
The  parts  reijiiired  ti)  lie  fini.sheil  are  generally  marked  on  the  drawing. 
Sometimes  the  Iini^l1e^!  .surfaces  have  the  word  "fini.slied"  marked 
on  them.  Simctimes  the  finishing  is  shown  .simply  hy  the  symbol  f, 
as  iiseil  in  Fig.  S2,  showing  that  the  .shafts  and  pin  only  of  the  crank 
are  to  l>c  finisheil.  When  all  .surfaces  of  a  piece  arc  to  be  finished 
the  words  jiniilt  all  oiu-r  are  sometimes  niarkeil  on  the  <lrawing. 


WEIOHTS  OF  ROUND  AND  SQUARE  ROLLED  IRON. 
Length,  12  Inches. 
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'ITie  allowance  for  Rnisliing  on  .small  forginjjs  i.s  generally  about 
j'j"  on  each  surface,  'iTius,  if  a  block  were  wanted  to  finkh  4"  X  2"X 
1'  anil  ,'("  were  allowed  for  finishing,  the  ciimen^^ions  of  the  forging 
would  l>e  4^"  X  2^'  X  IJ"-  On  a  forging  like  Fig.  SO,  about  k"  allow- 
ance would  be  made  for  finishing,  if  it  were  called  for.  Thus  the 
diameter  of  the  central  shaft  wouhl  be  21",  the  thickness  of  the  emls 
21",  etc.  On  larger  work  i"  is  aoinetinies  allowed  for  machining. 
The  amount  of  finish  alloweil  dejwnds  to  a  large  extent  on  the  way 
the  foipng  is  to  be  finished,  Wlien  hand  finishing  i,i  done,  that  is, 
filing  or  scraping,  ^g"  or  even  j'^"  is  enough;  when  all  of  the  finish- 
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ing  Is  (lone  in  a  latlie  or  other  machine,  more  material  should  he  left. 

When  n  forgiiifj  calls  for  finish,  in  calcnlatiiig  the  amount  of 

stock,  or  weight,  the  dimensions  taken  should  nut  Ive  the  actual  ones 


Fig.  82. 
ahown  by  the  <lrawing,  but  these  dimensions  ■with  the  proper  allow- 
ance made  for  finish. 

Crank  Shafts.  Tliere  are  several  metliods  of  forging  crankshafts. 
The  more  commonly  used  is  tlie  conunercial  inetliod,  as  described 
in  detail  below     When  forgings  were  mostly  made  of  wrought  iron,  the 
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Fig.  X3. 
cranks  were  weld"d  up  of  severel  itie<-es.  One  piece  was  used  for 
the  shafts,  one  piece  for  each  cheek  or  side,  anil  another  piece 
rank  pin.  Cranks  ure  sometimes  lient  up  out  of  round  stuck, 
iiietliiid  is  only  useil  on  small  work.  The  common  method 
iloycd  where  machine  stf^l  is  used,  is  to  foi^  the  crank  from 
I  piece  of  iiiaterial.     'llie  stock  is  taken  birge  enough  to  slia|>e 


the  iai^cst  part  of  the  crank  without  any  upsetting.  If  a  crank  be 
re<iuireil  .similar  to  Fig.  S'2,  the  size  of  .stock  ti)  he  u.setl  should  l)e  1  j" 
by  4"  in  section. 


FORGING 


49 


L 


Pig.  85. 


When  the  forging  leaves  the  shop,  it  will  be  left  in  a  shape  similar 
to  the  shape  shown  by  the  solid  lines  in  Fig.  83,  the  dimensions  shown 
here  allowing  for  the  necessary  finishing.  The  crank  itself  would  be 
left  in  a  solid  block,  the  throat  being  afterwards  cut  out  as  indicated 
by  the  dotted  lines.  A  line  of  holes  is  first  drilled  as  shown,  and  the 
block  of  metal  to  be  taken  out  is  removed  by  making  two  slits  with 

a  cold  saw  and  the  block  then 
knocked  out  with  a  sledge  hammer. 
It  is  possible  to  form  this  throat  by 
chopping  out  the  surplus  metal 
with  a  hot  chisel  in  the  forge  shop, 
but  on  small  cranks  in  particular, 
such  as  here  shown,  it  is  generally 
cheaper  in  a  well  equipped  shop  to 
use  the  first  method. 

The  first  step  is  of  course  to 
calculate  the  amount  of  stock  re- 
quired. The  long  end  would  contain 
10.13  cubic  inches.  As  each  inch  of  stock  contams  6  cubic  inches, 
it  would  require  1.7"  of  stock  to  form  this  end  provided  there  was 
no  waste  from  scale.  Waste  does  take  place,  however,  and  must 
be  allowed  for,  so  about  2"  of  stock  should  be  taken.  The  short 
end  contains  5.22  cubic  inches  and  would  require  .87"  of  stock,  with- 
out allowance  for  scale.  About  IJ"  should  be  taken.  The  total 
stock  then  required  would  be  7  J". 

The  first  step  is  to  make  the  cuts,  and  spread  the  ends  as  shown 
in  Fig.  84.  These  ends  may  then  be  forged 
do\ni  with  a  sleclge  hammer  as  illustrated 
or  may  be  worked  out  under  the  steam 
hammer,  the  finishing  up  against  the 
shouklers  l^eing  done  as  illustrated  in  Fig. 
85.  The  shaft  may  be  rounded  down  and 
fini.shed  between  swages.  Care  must  be 
taken  to  see  tliat  the  cuts  are  properly 
spread  before  drawing  out  the  ends.  If  the 
cuts  are  left  without  spreading,  the  metal  will  act  somewhat  after 
tlie  manner  shown  in  Fig.  86.     The  top   part  of  the  bar,  as  it  is 
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worked  down,  will  fold  over  and  leave  a  crack  or  cold  shut  as  illus- 
trated. When  the  metal  starts  to  act  in  this  way  the  fault  should 
be  corrected  by  trimming  off  the  overlapping  comer  along  the  dot- 
ted line  shown  in  the  upper  sketch. 

Multiple-Throw  Cranks.    When  a  crank  shaft  has  more  than  od  3 


J 

1 


K-Z-'-H 


^8'-J. 


I 

JT 


m 

I 
I 


Fig.  87. 

crank  or  crank  pin,  it  is  spoken  of  as  a  multiple-throw  crank.  A 
double-throw  crank  is  a  crank  shaft  with  two  cranks.  A  three  tlu^w 
or  triple  throw,  one  with  three  cranks,  etc.  As  a  general  rule  mul- 
tiple-throw cranks  are  forged  flat,  i.e.,  the  cranks  are  all  forged  in 
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Fig.  88. 

line  with  each  other.  The  shafts  and  pins  are  then  rough  turned 
and  the  cranks  are  heated  and  twisted  into  sha{)e.  The  forging  for 
the  double-throw  crank  shown  in  Fig.  87  would  first  be  made  in  the 
general  shape  shown  in  Fig.  88.     The  parts  shown  by  the  dotted  lines 

woukl  then  be  cut  out  with  a  drill 
and  saw  as  described  above,  and 
the  shafts  and  pins  rough  turne<l, 
i.e.,  turned  round,  but  left  as  large 
as  possible.  The  forging  is  then 
returned  to  the  forge  shop  where  it 
is  heated  and  the  cranks  twisted  to  the  desinxi  angle.  When  twist- 
ing, the  crank  would  be  gripped  just  to  the  right  of  the  point  marked 
A.    This  may  be  done  with  a  vise,  or  wrench  if  the  crank  is  small,  or 


Fig.  89. 
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it  may  be  held  under  the  steam  hammer.     The  twisting  may  be  done 
with  a  wrench  similar  to  Fig.  89  which 
may  be  easily  made  by  bending  up  a  U 
of  flat  stock  and  welding  on  a  handle. 

A  niree-Thnm  Crank  without  any 
intermediate  bearings  Is  shown  in  Fig. 
90.  The  roug^  forging  for  this  is  shown 
in  Fig.  91.  The  extra  metal  is  removed 
as  indicated  by  the  dotted  lines  and  the 
twisting  done  as  described  before. 

Weldless  Riags.  Kings  and  eyes 
foiled  sohd  without  any  welds  may  be 
mode  in  the  general  manner  described 
below.  As  an  example,  suppose  it  be 
required  to  make  a  ring  such  as  illus- 
trated in  Kg.  92.  A  flat  bar  is  first 
forged  rounding  on  the  ends,  punches! 
and  split  as  shown,  this  split  is  opened 
out  and  the  ring  hammered  into  shape. 
It  is  necessary,  of  course,  to  calculate  . 
the  amount  of  stock  required.  This 
may  be  done  as  follows:  The  first  step 
IS  to  determine  the  area  of  the  ring, 
which  is  done  by  taking  the  area  of  the 
outside  circle,  and  subtracting  from  it  the 
area  of  the  insi<le  circle. 

Area  of  outside  circle     12.57   sq,  in. 

"     "  inside      "  7.07     "    " 
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The  stock  used  when  making  small  thin  rings  shouli]  l>e  twice 
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Fig.  92. 


the  width  of  the  side  of  the  ring  to  which  is  added  at  least  one-quarter 
of  an  inch.  When  the  bar  is  split  the  stock  is  more  or  less  deformed 
and  when  worked  back  into  shape  is  slightly  thinned.     Although  no 

stock  is  lost  by  the  hammering,  an  allowance 
must  be  made  for  the  thinning  and  stretching 
and  it  is  necessary  to  make  the  stock  slightly 
wider  on  this  account,  as  noted  above.  Allow- 
ing y  for  hammering,  and  taking  stock  l^^^wnde, 
the  amount  of  stock  required  would  be  5.5  -r- 1.5, 
equal  to  3.66".  Allowing  a  small  amount  for  loss 
by  scale,  etc.,  3f  J"  of  stock  should  be  taken.  In 
Af"^^^~~7F^ Ch"  i^aki^g  this  calculation,  the  thickness  of  the  stock 
*  is  not  taken  into  consideration,  as  the  thickness  of 

the  finished  ring  is  the  same  as  the  stock. 
This  general  method  is  used  on  a  large  variety  of  work,  particularly 
where  rings  are  to  be  made  of  tool  steel  and  should  be  made  without 
a  weld. 

Another  method  of  making  weldless  rings,  under  the  steam  ham- 
mer, is  illustrated  in  -  Fig.  93.  The 
proper  amount  of  stock  is  first  forged 
into  a  disk,  a  hole  is  punched  into  this 
disk  and  a  mandril  inserted.  A  U- 
shaped  rest  is  then  placed  on  the  anvil 
of  the  steam  hammer  and  the  mandril 
laid  on  this.  The  ring  is  turned  on 
the  mandril  and  forged  into  shape. 
Larger  and  larger  mandrils  are  sub- 
stituted as  the  liole  in  the  ring  increases  in  size. 

Lever  with    Boss.      The   following   description   will  ser\'e  for 


Fig.  93. 


Fig.  94.  Fig.  95. 

many  forgings  of  the  same  general  shape.     The  forging  shown  in 
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Fig.  94  will  be  taken  as  an  example.  There  are  two  general  ways 
of  making  work  of  this  character.  One  is  to  take  stock  of  the  proper 
size  for  the  lever  and  weld  on  a  chunk  for  the  boss.  The  other  is  to 
take  stock  large  enough  to  form  the  boss  and  draw  out  either  the  entire 

K5^ 


Fig.  9G. 

lever,  or  a  short  stub,  to  which  the  lever  is  welded.  The  work  may  be 
started  for  the  first  method  by  doubling  over  the  end  of  the  stock  as 
illustrated  in  Fig.  95.  This  is  welded  up  and  rounded  by  the  same 
general  method  as  afterwards  described  for  tlie  other  boss.     The 


Fig.  97. 
second  method  of  shaping  is  illustrated  in  Fig.  96.  Tlie  stock  in 
tliis  case  would  be  two  inches  square.  The  fuller  cut  is  first  made 
as  illustrated  at  A.  The  end  is  then  drawn  out  into  the  shape  shown  at 
B.  In  drawing  out  the  stock,  if  the  metal  be  allowed  to  flatten  down 
into  shape  like  C,  a  "cold-shut"  will  be  formed  close  to  the  boss,  as  the 
comer  at  X  will  overlap  and  work  into  the  metal,  making  a  crack  in 
the  work.  The  proper  way  to  draw  out  the  stock  is  shown  at  D. 
The  square  piece  left  for  the   boss  is  rounded  up  over  the  cor- 
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ner  of  the  anvil  as  shown  in  Fig.  97.     Sometimes  to  make  the  work 
easier  to  get  at,  the  end  is  bent  back  out  of  the  way  and  straightaned 

after  the  forging  is  completed.  The  boss  may  be 
smoothed  up  by  using  a  set  hammer  or  swage  in 
the  manner  indicated. 

Knuckles.  One  example  of  a  very  numerous 
class  of  forgings  is  shown  in  Fig.  98.  This  is  the 
shape  used  for  what  are  known  as  marine  ends 
of  connecting  rods,  knuckle  joints  on  valve  rods,  and  various  other 
places.  A  common  method  employed  to 
make  such  a  forging  is  shown  in  Fig.  99. 
Two  fuller  cuts  are  first  made  as  indicated 
at  A  and  the  part  for  the  shaft  of  the  forging 
drawn  out.  The  thick  end  is  then  punched  ft  ■ 
and  split,  as  indicated  at  B.  This  split  end 
is  opened  up  and  forged  out  in  the  manner 
indicated  in  Fig.  100,  if  the  work  is  done  on 
the  anvil.  Fig.  101  illustrates  the  method 
of  working  out  under  the  steam  hammer, 
the  end  being  first  flattened  as  indicated 
and  then  gradually  tipped  up  to  the  position 
shown  by  the  dotted  lines.  ^\^len  drawn 
to  size,  the  ends  are  flattened  out  straight 
across  and  the  finishing  done  around  the 
shank  with  a  fuller  as  indicated  in  Fig.  102. 
The  forging  is  then  bent  into  a   U-shaped  ^^8-  ^• 

loop  of  approximately  the  shape  of  the  finished  knuckle.     A  bar  of 

iron  the  same  dimension  as  the  inside  of  the 
finished  knuckle  is  inserted  between  the  sides 
of  the  loop,  and  the  sides  closed  down  flat  as 
shown  in  Fig.  103.  Fig.  104  shows  other  forg- 
ings which  may  be  shaped  by  this  same  general 
method.  Trim  E,  Fig.  99,  to  the  dotted  line. 
Wrenches.  A  simple  tool  that  is  fre- 
quently called  for  is  the  S  T^Tench.  This 
Fig.  100.  wrench  is  usually  made  with  a  gap  at  each  end 

suited  for  nuts  of  different  sizes.     It  is  shown  complete  in  Fig.  105. 
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The  jaws  at  the  end  should  be  parallel  with  each  other.  A  line  drawn 
from  one  jaw  to  the  other  should  make  an  angle  of  30  degrees  with  the 
center  line  of  each. .  There  are  two  ways  in  which  such  a  wrench  can 


Fig.  101. 

be  forged.  One  is  to  forge  the  jaws  separately  and  then  weld  to 
the  handle.  In  the  other  the  jaws  are  cut  from  a  solid  piece  of  metal 
and  the  iron  between  is  then  drawn  down  to  the  proper  size  for  the 
handle.  The  latter  is  preferable,  since  it  avoids  all  welds.  To 
make  the  wrench  by  the  second  process,  select  a  piece  of  steel  large 


Fig.  102  Fig.  103. 

enough  to  form  the  head.  Fuller  it  down  back  of  the  head  as  shown 
in  A,  Fig.  106,  at  a  a.  Round  the  end  and  punch  the  hole  6.  Next 
treat  the  other  end  m  the  same  way  and  draw  out  the  intermediate 
metal  giving  the  form  shown  at  B.     Now  cut  out  the  holes  b  b  securing 
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the  form  shown  at  C.    It  now  remains  to  bend  the  heads  to  the  prop- 
er  angle  and  give  the  desired  curve  to  the  shank.    In  forging  such 
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Fig.  104. 

a  wrench  the  outer  edges  should  be  slightly  rounded  so  that  they 
will  not  cut  the  hand.  The  inside  of  the  jaws  should  be  perfectly 
square  with  sharp  edges.     This  finish  can  be  best  obtained  by  filing. 


Fig.  105. 

Socket  Wrenches  are  made  in  several  ways.  The  easiest  way 
in  "hurry  up"  work  is  the  method  illustrated  in  Fig.  107.  A  stub 
b  forged  to  the  same  size  and  shape  as  the  finished  hole  is  to  be,  and 
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a  ring,  bent  up  of  thin  flat  iron,  welded  round  this  stob.  When  finish- 
ing the  socket,  a  nut  or  bolt  head  of  the  same  size  that  the  wrench  is 
intended  to  fit,  should  be  placed  in  the  hole  and  the  socket  finished 
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Fig.  106. 

over  this,  between  swages.  A  better  way  of  making  wrenches  of 
this  kind  is  to  make  a  forging  having  the  same  dimensions  as  the  fin- 
ished wrench  with  the  socket  end  left  solid.    The  socket  end  b  then 


Fig.  107. 

drilled  to  a  depth  slightly  greater  than  the  socket  is  wanted.  The 
diameter  of  the  drilled  hole  should  be  as  shown  in  Fig.  108,  equal 
to  the  shortest  diameter  of  the  finished  hole.  After  drilling,  the  socket 
end  is  heated  and  a  punch,  of  the  same  shape  as  the  finished  hole. 
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driven  into  it.  The  end  of  the  punch  should  be  square  across  and 
the  comers  sharp.  As  the  punch  is  driven  in,  it  will  shave  off  some 
of  the  metal  around  the  corners  of  the  hole  and  force  it  to  the  bottom, 
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Fig.  108. 

thus  making  it  necessary  to  have  the  drilled  hole  slightly  deeper  than 
the  finished  socket. 

Ladle  Shank.  The  ladle  shank  shown  in  Fig.  109  may  be  made 
in  several  ways.  The  ring  may  be  welded  up  of  flat  stock  and  a 
round  handle  welde<l  on  with  a  T-weld.  Or  square  stock  may  be 
taken,  worked  out  and  split  as  shown  in  Fig.  110,  these  split  ends 

being  afterwards  welded  to  make 
the  ring.  Another  method  of  mak- 
ing without  any  welds  at  all  would 
be  to  split  the  stock  as  indicated 
in  Fig.  Ill  and  work  out  in  the 
same  way  that  a  weldless  ring  is 
made.  The  latter  method  would 
take  more  time  but  would  make 
the  sounder  forging. 
Molder's  Trowel.  The  molder's  trowel  illustrated  in  Fig.  112 
is  a  sample  of  a  large  class  of  forgings,  having  a  wide,  thin  face  with 
a  comparatively  small  thin  stem  forged  at  one  end.  The  stock  used 
for  the  trowel  would  he  about  i"  X  1".  This  is  thick  enough  to 
allow  for  the  formation  of  a  ridge  at  R.    Fig.  113  shows  the  general 


Fig.  109. 
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method  employee!.  Two  nicks  are  first  made  with  fullers  as  illus- 
trated at  A  and  the  stem  drawn  down,  roughly,  to  size.  This  stem 
is  then  bent  up  at  right  angles  and  forged  to  a  square  corner  as  illus- 


Fig.  110. 

trated  at  B,  in  the  same  general  manner  as  the  square  corner  of  a 
bracket  is  formed.  When  flattening  out  the  blade  in  order  to  leave 
the  ridge  shown  at  R,  Fig.  112,  the  work  should  be  held  as  shown  at 

C,  Fig.  113.     Here  the  handle 


c 


is  held  pointing  downward  and 
against  the  side  of  the  anvil. 
By  striking  down  on  the  work 
and  covering  the  part  directly 
over  the  edge  of  the  anvil  with 
the  blows,  all  the  metal  on  the 
anvil  will  be  flattened  dowTi. 
By  swinging  the  piece  around 
into  a  reversed  position,  the  other  edge  of  the  blade  is  then  thinned 
down.    This  leaves  the  small  triangle  shown   by  the  dotted  lines 


Fig.  111. 
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unworked  and  forms  the  ridge  shown  at  R.  The  same  result  could 
be  obtained  by  placing  the  work  flat  on  the  anvil  face  and  using  a 
set  hammer. 

TOOL  STEEL  WORK. 

Tool  Steel.  Although  not  strictly  true  technically,  for  ordinary 
purposes  tool  steel  may  be  considered  simply  a  combination  of  iron 
and  carbon.     The  more  common  grade  contains  perhaps  1  per  cent 


Fig.  112. 

of  carbon.  Machine  steel  and  wrought  iron  do  not  contain  this 
element  carbon  to  any  great  extent.  If  a  piece  of  wrought  iron  or 
machine  steel  be  heated  red  hot  and  suddenly  cooled,  the  metal  re- 
mains practically  as  it  was  before  heating,  but  if  a  piece  of  tool  steel 
be  subjected  to  this  treatment,  it  becomes  very  hard  and  brittle.  By 
a  modification  of  this  heating  and  cooling,  almost  any  degree  of  hard- 
ness may  be  imparted  to  the  steel,     ^^^len  tool  steel  is  heated  red  hot 

.  and  then  suddenly  cool- 
ed, becoming  very  hard, 
the  process  is  known  as 
Hardening.  For  more 
detailed  explanations  of 
hardening,  tempering, 
etc.,  the  student  is  re- 
ferred to ''Tool  Making", 
as  merely  general  state- 
ments and  explanations 
will  be  given  here.  If  two  pieces  of  tool  steel  be  heated,  one  to  a 
comparatively  high  heat  and  one  to  a  lower  heat  and  the  two  pieces 
suddenly  cooled  in  water,  if  the  ends  be  then  snapped  off,  a  decided 
difference  will  be  noticed  in  the  fractures.     The  piece  cooled  from  the 


Fig.  113. 
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higher  temperature  will  have  a  very  coarse  grain,  while  that  cooled 
from  the  lower  temperature  will  have  a  finer  grain.  Two  things  are 
fixed  when  hardening  a  piece  of  tool  steel — hardness  and  grain. 
"^The  hardness  depends  upon  the  rapidity  with  which  the  steel  is 
cooled.  Tlie  more  rapid  the  cooling,  the  harder  the  steel.  The 
grain  depends  upon  the  heat  from  which  the  steel  is  cooled.  There 
is  only  one  heat  from  which  the  steel  may  be  cooled  and  have  the 
proper  grain.  This  heat  is  known  as  the  hardening  heat.  A  piece 
of  steel  when  cooled  from  this  hardening  heat  has  an  extremely  fine 
silky  looking  grain  and  is  left  very  hard  and  brittle. 

Hardening.  The  hardening  heat  varies  with  the  amount  of 
carbon  the  steel  contains,  the  greater  the  percentage  of  carbon,  the 
lower  the  hardening  heat. 

To  determine  the  hardening  heat,  a  bar  |"  or  J"  square  is  heated 
to  a  good  red  heat  on  one  end,  and  cooled  in  cold  water.  This  end 
is  then  tested,  if  too  hard  to  file  it  has  been  hardened,  and  the  heat 
from  which  it  was  cooled  was  either  the  proper  hardening  heat  or 
some  higher  heat.  If  the  end  can  be  filed  it  was  cooled  from  some 
heat  below  the  hardening  heat.  If  the  end  proves  to  be  soft  it  should 
be  rehardened  by  cooling  from  a  higher  heat,  if  hard  it  should  be 
broken  off  and  the  fracture  examined.  If  the  grain  of  the  broken 
end  is  very  fine  the  steel  is  properly  hardened,  if  coarse,  it  was  heated 
too  hot  and  the  end  should  be  rehardened  at  a  lower  heat.  The  ex- 
periment should  be  repeated  until  the  operator  is  able  to  give  the  steel 
a  very  fine  grain  every  time.  Any  variation  either  above  or  below 
the  hardening  heat  will  make  the  grain  coarse.  A  temperature  lower 
than  the  critical  heat  will  not  make  the  steel  as  coarse  in  structure 
as  a  temperature  correspondingly  higher,  but  there  will  be  some 
difference. 

Hardening  Baths.  Various  baths  are  used  for  cooling  steel 
when  hardening,  on  account  of  the  different  rates  at  which  they  cool 
the  heated  metal.  An  oil  bath  is  used  when  the  steel  is  wanted  tougher 
and  not  excessively  hard,  as  the  oil  cooLs  the  steel  slower  than  water. 
Brine  or  an  acid  bath  are  used  when  the  steel  is  wanted  very  hard,  as 
they  abjorb  heat  more  rapidly  than  water.  For  excessively  hard 
work  mercury,  or  quicksilver,  is  sometimes  used,  as  it  absorbs  the 
heat  very  rapidly. 
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General  Laws  of  Hardening.  The  two  simple  geaeral  facts  of 
Iianlening  that  must  be  remembered  areas  follows:  First,  the  heat 
from  which  the  steel  is  cooled  determines  the  grain ;  secondly,  the  rapid- 
ity of  cooling  determines  the  hardness,  everything  else  being  equal, 
the  more  rapid  the  cooling,  the  harder  the  steel. 

Annealing.  When  steel  is  annealed  it  is  softened.  This  is  done 
by  cooling  the  steel  very  slowly  from  the  hardening  heat,  the  cooling 
Iwing  done  as  slowly  as  possible.  'ITiis  cooling  in  some  cases  takes 
.•M-veral  rlays.  As  noted  under  hardening,  the  rapidity  of  cooling 
detfrminet  the  final  hardness  of  tlie  steel  and  if  the  steel  be  cooled  very 
slowlv  it  will  I>e  left  very  soft;  while  if  cooled  rapidly,  it  will  be  left 
hard.  This  difference  in  the  time  taken  to  cool  the  steel  is  the  only 
difTcren<'e  between  hardening  and  annealing.  Both  should  be  done 
tnnn  the  same  heat.  The  details  of  various  methods  of  annealing 
arc  dcscril»ed  in  "Tool  Making". 

Tempering.  Tools  which  are  simply  hardened  as  described 
above  are,  with  few  exceptions,  too  brittle  for  use  and  it  is  necessarj- 
to  reduce  the  hrittleness.  This  process  is  known  as  tempering. 
Tools  are  always  left  as  hard  as  it  is  possible  to  leave  them  and  still 
have  them  tongh  enough  for  the  work  for  which  they  are  intended. 
In  re<hicuig  the  brittlene.ss  of  the  steel,  some  of  the  hardness  is  of 
Ticcc.s.sity  taken  out  and  tempering  is  therefore  sometimes  spoken  of 
as  a  reduction  uf  the  hanlness,  but  it  is  in  reality,  merely  a  reduction 
of  the  brittleness.  After  a  tool  or  piece  of  steel  has  been  hardened, 
some  (if  the  brittleness  is  taken  out  by  a  slight  reheating  to  a  low  tem- 
[wrature.  These  temperatures  vary  from  200°  F.,  to  about  650°  F. 
'Hiesc  tein(»er!iturcs  are  determined  in  various  ways.  The  simplea;^ 
and  perhaps  the  most  commonly  uwil,  i.,  to  pnli,'^!i  the  steel  a 
hikH  been  hardened  and  then  reheat  h^MMo  Ih.-  tempered  ii 
.surface  shows  a  certain  color.  1^^^^^ 

If  anybright  pieceof ironorst    l  ^^^^^Kgrhf 
of  about  4(K)°Fisreache<l,the.surl        ^^^^"^ 
temperature  i.s  increa.se<l  this  yell"* 
it  is  a  decided  brown.    When  GC 
on  the  surface.     These  colors  . 
forme<l  on  the  surface  of  the  si 
Iiardness,  merely  showing  to  fl 
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Tempered  tools  may  be  divided  into  two  general  classes:  First, 
those  which  have  one  edge  only  tempered;  second,  those  which 
are  tempered  throughout.  To  the  first  class  belong  most  lathe  tools, 
cold  chisels,  etc.  To  the  second  class,  taps,  dies,  milling  cutters,  etc. 
^^^len  tempering  tools  of  the  first  class,  considerably  more  of  the  tool 
is  heated  than  is  wanted  hardened.  The  cutting  edge  is  then  hard- 
ened by  cooling  in  water.  The  tool  is  then  taken  from  the  water,  the 
hardened  edge  polished,  and  reheated  by  allowing  the  heat  to  "come 
do^Ti"  from  the  body  of  the  tool,  which  is  still  quite  hot.  Tools  of 
the  second  class  are  first  hardened  by  being  heated  to  a  uniform  hard- 
ening heat  and  then  cooled  completely.  The  tool  is  then  polished 
and  the  temper  drawn  by  placing  the  steel  either  over  the  fire  or  on  a 
piece  of  metal  which  has  previously  been  heated  red  hot.  It  is  ab- 
solutely essential  that  the  steel  should  be  heated  to  a  uniform  tem- 
perature when  hardened.  The  parts  to  be  hardened  should  show 
no  difference  whatever  in  color  when  being  heated.  If  points  or 
comers  of  tools  are  allowed  to  come  to  the  hardening  temperature 
before  the  body  of  the  tool  is  hot,  these  overheated  corners  are  almost 
sure  to  crack  off.  Absolute  uniformity  in  heating  to  the  proper  hard- 
ening heat  is  necessary  to  insure  success  in  hardening  operations. 

Lead  Bath.  To  insure  uniformity  in  heating,  various  methods 
are  used,  and  when  the  work  is  done  on  a  large  scale  the  heating 
is  generally  done  in  a  furnace  fired  with  gas.  Another  common 
method  is  to  heat  the  steel  in  a  bath  of  red  hot  lead.  The  lead  is  heated 
in  a  pot  or  crucible,  to  the  hardening  heat  of  the  steel.  The  top  of 
the  lead  is  covered  with  powdered  charcoal  or  coal  to  prevent  the 
formation  of  the  slag  or  dross  on  top.  WTien  steel  is  heated  in  lead 
it  must  be  perfectly  clean,  dry,  and  free  from  rust. 

TOOL  FORGING  AND  TEMPERING. 

Forging  Heat.  Before  attempting  any  work  with  tool  steel,  a 
piece  of  scrap  steel  is  to  be  experimented  with,  heated  and  hardened 
several  times  at  various  heats  until  the  manipulator  is  sure  of  the 
effect  of  the  various  heats  upon  the  grain  of  the  steel.  The  steel 
should  also  be  experimented  with  to  determine  just  how  high  a  heat 
it  will  stand.  When  heavy  forging  is  to  be  done,  i.  c,  when  the  first 
rough  shaping  is  done  upon  a  tool,  a  comparatively  high  heat  should 
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be  used.  The  steel  should  be  forged  at  about  what  might  be  called 
a  good  yellow  heat.  The  lighter  hammering,  when  finishing,  should 
be  done  at  a  lower  heat,  about  the  hardening  heat.  Very  little,  if  any, 
hammering  should  be  done  below  the  hardening  heat.     If  the  grain 


D 


D 


Fig.  114. 

of  the  steel  has  heen  raised  by  too  high  a  heat,  it  can  generally  be  quite 
decidedly  reduced  by  a  little  hammering  at  some  heat  above  the  hard- 
ening temperature. 

Cold   Chisels.    The  stock  should  be  heated  to  a  good  yellow 
heat  and  forged  into  shape  and  finished  as  smoothly  as  possible. 

WTien  properly  forged,  the  end  or  cutting  edge  will  bulge 
I    V  out  as  shown  in  Fig.  114.     It  is  a  good  plan  to  simply 

nick  this  end  across  at  the  point  where  the  finished 
edge  is  to  come  and  then  after  the  chisel  has  been  tem- 
pered, this  nicked  end  may  be  broken  off  and  the  grain 
examined.  Whenever  possible,  it  is  a  good  plan  to 
leave  an  end  of  this  sort  on  a  tool  that  may  be  broken 
off  after  the  temjDering  is  done.  \Vhen  hardening,  a 
chisel  should  be  heated  red  hot  about  as  far  back  from 
the  cutting  edge  as  the  point  A,  Fig.  115.  Care  must 
l)e  taken  to  heat  slowly  enough  to  keep  the  part  being 


\  heated  at  a  uniform  temperature  throughout.     If  the 

-B     point  becomes  overheated,  it  should  not  be  dipped  in 

water  to  cool  off,  but  allowed  to  cool  in  the  air  to  below 

the  hardening  heat  and  then  reheated  more  carefully. 

^^^len  properly  heated,  the  end  should  be  hardened  by 

F*     115      dipping  in  cold  water  to  the  point  B.     As  soon  as  the  end 

is  cold,  the  chisel  should  be  withdrawn  from  the  water 

and  the  end  polished  bright    by  rubbing   with    a   piece   of   emery 

paper.     The  part  of  the  chisel  from  A  to  B  will  still  be  red  hot 
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and  the  heat  from  this  part  will  gradually  reheat  the  hardened  point. 
As  this  cold  part  is  reheated,  the  polished  surface  will  change  color 
showing  at  first  yellow,  then  brown,  and  at  last  purple.  As  soon  as 
the  purple  (almost  blue  color)  reaches  the  nick  at  the  end,  the  chisel 


Fig.  116. 

should  be  completely  cooled.  The  waste  end  may  now  be  snapped 
off  and  the  grain  examined.  If  the  grain  is  too  coarse  the  tool  should 
be  rehardened  at  a  lower  temperature,  while  if  the  metal  is  too  soft, 
and  the  end  bends  without  breaking,  it  should  be  rehardened  at  a 
higher  temperature. 

Cape  Chisel.    This  is  a  chisel  used    for  cutting  grooves,  key 
seats,  etc.     The  end  A  should  be  wider  than  the  rest  of  the  blade  back 


Fig.  117. 

to  B,  Fig.  116.  The  chisel  is  started  by  thinning  down  B  with  two 
fullers,  or  over  the  horn  of  the  anvil  as  shown  at  A,  Fig.  117.  The 
end  is  then  drawn  out  and  finished  with  a  hammer  or  flatter  in  the 
manner  illustrated  at  B.  A  cape  chisel  is  given  the  same  temper  as 
a  cold  chisel. 
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Square  and  Round  Nose  Chisels.  These  two  chisels,  the  ends 
of  which  are  shown  in  Fig.  118,  are  forged  and  tempered  in  practically 
the  same  way  as  the  ordinary  cape  chisel,  the  only  difference  being  in 
the  shape  of  the  ends.  Round  nose  cape  chisels  are  sometimes  used 
for  centering  drills  and  are  then  known  as  centering  chisels. 

Lathe  Tools.  The  same  general  forms  of  lathe  tools  are  used 
in  nearly  all  shops,  but  the  shapes  are  altered  somewhat  to  suit  in- 
dividual tastes. 

Right  Hand  and  Left  Hand  Tools.    Many  lathe  tools  are  made 

in  pairs  and  are  called  right 
and  left  hand  tools.  If  a 
tool  is  made  in  such  a  way 
that  the  cutting  edge  comes 
toward  the  left  hand  as  the 
tool  is  held  in  position  m 
the  lathe,  it  is  known  as  a 
right  hand  tool,  L  e.,  a  tool 
which  begins  a  cut  at  the 
right  hand  end  of  the  piece* 
and  moves  from  right  to  left  is  known  as  a  right  hand  tool.  The  one 
commencing  at  the  left  hand  end  and  cutting  toward  the  right  would 
be  known  as  a  left  hand  tool.  The  general  shape  of  right  and  left 
hand  tools  for  the  same  use  is  generally  the  same  excepting  that 
the  cutting  edges  are  on  opposite  sides. 

Clearance.    \Vhen  making  all  lathe  tools,  care  must  be  taken  to 


Fig.  118. 


Section 


Fig.  119. 

see  that  they  have  proper  clearance,  i,  e,,  the  cutting  edge  must  pro- 
ject beyond  or  outside  of  the  other  parts  of  the  tool.  In  other  words, 
the  sides  of  the  tool  must  be  undercut  or  slant  downwards  and  back- 
wards away  from  the  cutting  edge.  This  is  illustrated  in  the  section 
A  B  of  Fig.  119,  where  the  lower  edge  of  the  tool  is  made  considerably 
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thinner  than  the  upper  edge,  in  order  to  give  the  proper  clearance. 
Round  Nose  and  Thread  Tools.  These  tools  are  practically 
alike  excepting  for  a  slight  difference  in  the  way  the  ends  are  ground. 
The  general  shape  is  shown  in  Fig.  119.  When  hardening,  the  took 
should  be  heated  about  as  far  as 
the  line  A,  Fig.  120,  and  cooled 
up  to  the  line  B.  The  temper  is 
then  drawn  in  the  same  general 
way  as  described  for  tempering 
of  cold  chisels  excepting  that 
when  a  light  yellow  color  shows 
at  the  cutting  edge  the  tool  is 
cooled  for  the  second  time.  All 
lathe  tools  are  given  practically 
the  same  temper.  Sometimes 
tools  are  left   much  harder.     In 


Fig.  120. 


one  quite  well  known  plant  the  tools  are  simply  reheated  until  the 
water  evaporates  from  the  cutting  end,  indicating  a  reheating  to  a 
temperature  of  about  200°F. 

Cutting  off  Tools  are  forged  with  the  blade  either  on  one  side  or 
in  the  center  of  the  stock.  The  easier  way  to  make  them  is  to  forge 
the  blade  with  one  side  flush  \^dth  the  side  of  the  tool.  Such  a  tool  is 
shown  in  Fig.  121.  The  cutting  edge.  A,  the  extreme  tip  of  the  blade, 
should  be  wider  than  any  other  part  of  the  thinned  end,  B.  In  other 
words,  this  edge  should  have  clearance  in  all  directions  as  indicated 

in  the   drawing.     The  clear- 

I ■  I -■■-■■■■  I—  ance  angle  at  the  end  of  the 

tool  as  shown  in  the  sketch,  is 

about  correct  for  lathe  tools. 
For  heavier  tools  for  the 
planer,  the  angle  should  be 
as  shown  by  the  line  X  X. 
When  hardening,  the  end  of 
the  tool  should  be  heated  to  about  point  C  C  and  cooled  to  about 
the  line  D  D,  and  the  temper  drawn  as  described  for  the  round 
nose  tool.  Tools  may  be  forged  in  the  general  way  shown  in 
Fig.  122.    The  tool  is  started  by  making  a  fuller  cut  as  shown 


Fig.  121. 
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at  A.  After  roughly  shaping,  the  end  is  trimmed  off  with  a  hot 
chisel  along  the  dotted  line  at  C.  Great  care  must  be  taken  to 
see  that  the  blade  of  the  tool  has  proper  clearance  in  all  directions. 


Anv^U  An\/U 

Fig.  122. 

When  a  tool  is  wanted  with  a  blade  forged  in  the  center,  it  should  l)e 
first  started  by  using  two  fullers  instead  of  one,  then  making  two 
cuts,  one  on  each  side  of  the  stock,  in  place  of  the  single  cut  shown  at  A. 


Fig.  123. 

Boring  Tool.  The  general  shape  of  this  tool  is  shown  in  Fig.  123. 
The  length  of  the  thin  end  depends  ujM)n  the  depth  of  the  hole  in 
which  the  tool  is  to  be  used  and  as  a  general  rule  should  be  made  as 

short   and   thick  as  possible,  in 

f 1  I '^    ^^^^  order  to  avoid  springing.      The 

tool  may  be  started  in  the  same 

general  way   as  the   cutting  oflf 

tool,  the  fuller  cut  being  made  on 

^.     ,^,  the  edge  of  the  stock  instead  of 

Fi£r.  124.  ,  

on  the  side.  The  cutting  edge 
of  the  tool  is  at  the  end  of  the  small  **nose,"  and  this  "nose"  is 
the  only  part  which  should  be  tempered. 

Diamond  Points.    These  tools  are  made  in  a  variety  of  modifica- 
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tions  of  the  shape  shown  in  Fig.  124.  There  are  various  methods 
used  for  shaping  them,  one  of  which  is  illustrated  in  Fig.  125.  The 
shape  is  started  as  indicated  at  A.  After  the  nick  has  been  made  as 
shown,  the  end  of  the  tool  is  shaped  as  showTi  by  the  dotted  lines,  the 
blows  coming  in  the  direction  of  the  arrow.  Further  shaping  is  done 
as  indicated  at  B.  To  square  up  the  end  of  the  nose  of  the  tool,  it  is 
worked  backward  and  forward  as  indicated  at  C.  The  tool  is  finished 
by  trimming  off  the  end  to  the  proper  angle  with  a  hot  chisel  and  touch- 
ing it  up  with  a  set  hammer  When  hardened  it  should  be  dipped 
about  as  shown  at  D. 

Side  Tools  or  side  finishing  tools  as  they  are  sometimes  called, 
are  generally  made  in  about  the  shape  shown  at  F,  Fig.  126.  The  tool 


Fig.  125. 

may  be  started  by  making  a  fuller  cut  as  shown  at  A.  The  end  x  is  then 
drawn  out  with  a  fuller  into  the  shape  B.  After  smoothing  up  with 
a  set  hammer  the  blade  is  trued  into  shape  along  the  dotted  lines  at  C. 
The  tool  is  finished  by  giving  the  proper  ''offset*^  to  the  top  edge  of 
the  blade.  This  is  done  by  placing  the  tool  flat  side  down  with  the 
blade  extending  over,  and  the  end  of  the  blade  next  the  shank  about  J" 
beyond,  the  outside  edge  of  the  anvil.  A  set  hammer  is  placed  on  the 
blade  close  up  to  the  shoulder  and  slightly  tipped,  so  that  the  face  of 
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the  hammer  touches  the  thin  edge  of  the  blade  only,  as  illustrated  at  D. 
One  or  two  light  blows  with  the  sledge  will  give  the  necessary  offset 
and  after  touching  up  the  blade,  the  tool  is  ready  for  tempering. 
When  heating  for  hardening,  the  tool  should  be  placed  in  the  fire  with 
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Fig.  126. 


the  cutting  edge  up.  In  this  way  it  is  more  easy  to  avoid  overheating 
the  edge.  The  hardening  should  be  done  by  dipping  the  tool  in 
water  as  illustrated  at  E,  only  the  small  part  A  being  left  above  the 
surface.    The  tool  is  taken  from  the  water,  quickly  rubbed  bright 
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Fig.  127. 


Fig.  128. 


on  the  flat  side,  and  the  temper  drawn  until  the  cutting  edge  shows  a 
light  yellow.  The  same  color  should  show  the  entire  length  of  the 
cutting  edge.  If  the  color  shows  darker  at  one  end,  it  indicates  that 
that  end  of  the  blade  was  not  cooled  enough  and  the  tool  should  be 
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rehardened,  this  time  dipping  the  tool  in  such  a  way  as  to  bring  that 
end  of  the  blade  which  was  too  soft  before,  deeper  in  the  water. 

Centering  Tool.  The  centering  tool  shown  in  Fig.  127  is  used 
for  starting  holes  on  face-plate  and  chuck  work.  The  end  may  be 
shaped  by  making  a  fuller  cut  and  then  flattening  out  the  metal, 
trimming  the  cutting  edge  to  shape  with  the  hot  chisel. 

Forming  Tools  for  Turret  Lathes  are  sometimes  forged  up  in  the 
same  general  shape  as  above  and  tempered  like  other  lathe  tools. 

Finishing  Tool.  This  tool,  Fig.  128,  may  be  started  either  with 
a  fuller  cut  or  in  the  same  way  as  the  diamond  point.  The  end  is 
then  flattened  out  and  shaped  with  a  set  hammer  as  shown  in  Fig.  129. 
This  generally  leaves  the  end  bent  out  too  nearly  straight,  but  it  may 
be  easily  bent  back  into  shape  as 
indicated  at  B.  This  bending 
will  probably  leave  the  point 
something  hke  C.  A  few  blows 
of  the  hammer  at  the  point  indi- 
cated by  the  arrow  will  give  the 
tool  the  shape  as  at  D.  The  cut- 
ting edge  should  be  tempered 
the  same  as  other  lathe  tools. 
For  planer  and  shaper  tools  of 
this  shape,  the  end  should  be 
more  nearly  at  right  angles  to 
the  edge  of  the  tool,  making  an 
angle  of  about  six  or  eight  de- 
grees less  than  the  perpendicular.  ^' 
In  other  words,  the  tool   should  have  less  end  rake. 

Rat  Drills  need  no  particular  description  as  to  forging  and  shap- 
ing. The  size  of  the  drill  is  determined  by  the  width  of  the  flat  end ,  this 
l)eing  the  same  size  as  the  hole  the  drill  is  intended  to  bore.  If  this 
dimension  were  one  inch,  the  drill  would  be  known  as  a  one-inch  drill. 
The  drill  should  be  made  somewhat  softer  than  lathe  tools,  the  temper 
being  drawn  until  a  light  brown  shows  at  the  cutting  edge. 

Springs  are  generally  tempereil  in  oil.  The  spring  is  heated  to 
a  uniform  hardening  heat  and  hardened  by  cooling  in  oil.  The  tem- 
per is  drawn  by  holding  the  spring,  still  covered  with  oil,  over  the 
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flame  of  the  forge,  and  heating  until  the  oil  bums  over  the  entire 
spring.  If  the  spring  is  not  uniform  in  section  throughout,  it  is  gen- 
erally advisable,  while  heating  it,  to  plunge  every  few  seconds  into 
the  oil  bath,  taking  it  out  instantly  and  continuing  the  heating.    This 


Fig.  130. 

momentary  phmge  tends  to  equalize  the  heat  by  cooling  the  thinner 
parts. 

Lard  oil  or  fish  oil  are  generally  used  as  mineral  oil  is  too  uncertain 
in  composition.  The  above  method  of  tempering  is  known  as  blazing 
offy  the  blazing  point  of  the  oil  being  used  to  indicate  the  temperature 
in  place  of  the  color  of  the  scale.  The  same  results  could  be  obtained 
by  polishing  the  spring  and  heating  until  it  turned  blue. 

Hammers.  When  making  a  ham- 
mer the  stock  should  be  taken  large 
enough  to  make  the  largest  part  of 
the  hammer  without  any  upsetting. 
As  a  general  rule  the  hammer  is  forg- 
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B 
Fig.  131. 

eil  on  the  end  of  a  bar  and  finished  as  completely  as  possible  before 
cutting  off. 

Riveting  Hammer.  About  the  easiest  hammer  to  shape  is  the 
riveting  hammer  shown  at  D.  Fig.  4.  This  hammer,  as  well  as  all 
other  hammers,  is  started  by  first  punching  the  hole  for  the  eye  as 
shoTNTi  at  A,  Fig.  130.  When  the  eye  is  punched  the  stock  is  generally 
bulgeil  out  sideways  and  in  order  to  hold  the  shape  of  the  eye  while 
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flattening  down  this  bulge,  a  drift  pin  such  as  shown  in  Fig.  131  is 
used.  This  pin  is  made  larger  in  the  center  and  tapering  at  both 
ends-  The  center  or  larger  part  of  the  pin  has  the  same  shape  as  the 
finished  eye  of  the  hammer.  This  pin  is  driven  into  the  punched  liole 
and  the  sides  of  the  eye  forged  into  shape  as  illustrated  at  B,  Fig.  130. 
After  the  eye  has  been  properly  shaped,  the  next  step  is  to  shape  down 
the  tapering  pene  leading  the  work,  after  a  nick  has  been  made  around 
the  bai  where  the  face  of  the  hammer  will  come,  as  shown  at  C.  The 
end  of  the  hammer  toward  the  face  is  then  slightly  tapered  in  the  man- 
ner indicated  at  D.  After  the  hammer  has  been  as  nearly  as  possible 
finished,  it  is  cut  from  the  bar  and  the  face  trued  up.  For  tempering, 
the  whole  hammer  is  heate<i  to  an  even  hardening  heat.  Tlie  hammer 
is  tlien  grasped  by  pla(.'ing  one  jaw  of  the  tongs  through  the  eye. 
Both  ends  are  tempered,  this  being  done 
by  hardeneng  first  one  end  and  then  the 
other.  The  small  end  is  first  hardened 
by  dipping  in  the  water  as  shown  at 
Fig.  132.  As  soon  as  this  end  is  cooled 
the  position  of  the  hammer  is  instantly 
reversed  and  the  face  end  hardened. 
\Miile  the  large  en<l  is  in  the  water  the 
smaller  end  is  polished  and  the  temper 
color  watched  for.     When  a  dark  brown  p;     J32 

scale  appears  on  the  small  end  the  ham- 
mer is  again  reversed  bringing  the  large  end  iippernmst  and  the 
pene  in  tlie  water.  The  face  end  is  then  polished  and  the  temper 
drawn.  If  the  large  end  is  properly  hardened  Iwfore  the  temper 
color  appears  on  the  small  end,  the  hammer  may  be  taken  complete- 
ly out  of  the  water,  the  large  end  polished,  and  the  colors  watched  for 
on  both  ends  at  once.  As  soon  as  one  end  shows  the  proper  color 
it  U  promptly  dipped  in  water,  the  other  end  following  as  soon  as 
the  color  appears  there,  but  under  no  circumstances  should  the  eye 
be  cooled  while  still  red  hot.  For  some  special  work  hammer  faces 
should  be  left  harder,  but  for  ordinary  use  the  temper  as  given 
above,  is  very  satisfactory. 

Ball  Pene  Hammer.    The  general  method  of  making  this  ham- 
mer is  illustrated  in  Fig.  133.     After  punching  the  hole,  the  hammer 


is  rouglie<!  out  by  using  the  fullers  as  shown  at  A  and  B.  The  ball 
end  is  then  ivtunded  up,  the  octagonal  parts  shaped  with  the  fullers 
and  the  hammer  cut   from  the  bar,  ground   and  tempered.     Ball 


pene  hammers  iiiiiy  be  made  with  a  steam  hammer  in  practically 

the  same  way  as  describeil  above,  excepting  that  round  bars  of 
steel  should  be  substituted  for 
the  fullers. 

Blacksmith's  Tools  such  as 
cold  chisels,  hot  chisels,  set  ham- 
mers and  flatters  are  made  m 
much  the  same  way  as  hammers. 
Tlie  wide  face  of  the  flatters  may 
l>e  u])set  by  using  a  block  such  as 
is  shown  in  Kg.  134.  The  heated 
end  of  the  tool  is  dropped  into 
the  hole  in  the  block  and  the  face 

upset  into  the  wide  shallow  oi)ening.     Swages  may  also  be  worked  up 

in  lliis  wav. 


Fig.  134. 
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Self-hardening  Steel  is  used  to  a  large  extent  in  modern  practice 
for  lathe  tools,  much  being  used  in  the  shape  of  small  square  steel 
held  in  special  holders.  Such  a  tool  is  illustrated  in  Kg.  135.  Self- 
hardening  steel,  as  its  name  indicates,  is  almost  self-hardening 
in  nature,  generally  the  only  treatment  that  is  required  to  harden  the 
steel  being  to  heat  it  red  hot  and  allow  it  to  cool.  Sometimes  the 
steel  is  cooled  in  an  air  blast  or  is  dipped  in  oil.  It  is  not  necessary 
to  "draw  the  temper".  The  self-hardening  quality  of  steel  is  given 
to  it  by  the  addition  of  Chromium,  Molybdenyum,  Tungsten,  or  one 
of  that  group  of  elements,  in  addition  to  the  carbon  which  ordinary 
tool  steel  contains.  Self-hardening  steel  is  comparatively  expensive, 
costing  from  40  cents  and  upwards  per  pound,  some  of  the  more 
expensive  grades  costing  SI. 00  or  so.  When  in  use,  self-hardening 
steel  will  stand  a  much  higher  cutting  speed  than  the  ordinary  so- 
called  carbon  steel.  For  this  reason  it  is  much  more  economical  to  use, 
although  its  first  cost  is  higher.  Self-hardening  steel  cannot  be  cut 
with  a  cold  chisel  and  must  be 
either  cut  hot  or  nicked  with  an 
emery  wheel  and  snapped  off. 
Great  care  must  be  used  in  forg- 
ing it,  as  the  range  of  temperature 
through  whiqh  it  may  be  forged  p.     ^^^ 

is  comparatively  slight,  running 

from  a  good  red  heat  to  a  yellow  heat.  Some  grades  of  self-hard- 
ening steel  may  be  annealed  by  heating  the  steel  to  a  high  heat  in 
the  center  of  a  good  fire  and  allowing  the  fire  and  the  steel  to  cool 
off  together.  Steel  which  has  been  annealed  in  this  way  may  be 
hardened  by  heating  to  the  hardening  heat  and  cooling  in  oil. 

Taylor^White  Process.  This  method  of  treating  special  grades 
of  self-hardening  steel  was  discovered  some  years  ago  by  the  men 
after  whom  it  is  named.  It  was  found  that  if  a  piece  of  self-hardening 
steel  be  heated  to  a  very  high  temperature  (about  the  welding  heat) 
and  then  suddenly  cooled  to  about  a  low  red  heat,  the  steel  would 
be  in  a  condition  to  stand  very  much  harder  usage  and  take  a  much 
heavier  cut.  Steel  treated  in  this  way  seemed  to  have  the  cutting 
edge  of  the  tools  almost  burned  or  melted  off  and  considerable  grind- 
ing was  necessary  to  bring  them  into  shape.     When  put  in  use  the 


85 


76 


FORGING 


etiges  woiiltl  almost  immediately  be  slightly  rounded  orcrunilileoff, 
but  after  this  slight  breaking  down  of  the  cutting  edge,  the  steel  would 
stand  up  under  excessively  trj'ing  conditions  of  high  speed  and  heaiy 
cut.  Toob  of  this  cliaraoter  were  of  very  little,  or  no,  use  for  fine 
finishing ,  but  were  of  great  value  for  heavy  and  roughing  cuts. 
HEAVY  FORQINQ. 
Steam  Hammer.  .\n  ordinary  form  of  steam  hammer  is  .slionii 
in  Fig.  131).  Its  essential  parts  are  an  inverted  steam  cylinder,  to 
whose  piston  rod  the  hanmier  head  is  attached,  anri  the  frame  for 
carrying  the  whole.     'Hie  hannner  is  raised  by  admitting  .steairi 


beneath  the  ])iston.  'Hie  blow  is  dealt  by  exhausting  the  steam  from 
beneath  the  piston  and  a<hiiitlinj;  it  abtjvc  the  same.  The  head  is 
tlnis  acc'ck'ratcd  by  gravity  and  the  pres.siire  of  steam  above  the  piston- 
The  vahe  gear  is  so  arrange<i  that  tlie  intensity  of  the  blow  may  I* 
varied  liy  changing  the  ainonnt  of  steam  admitte<l  to  the  piston  on  its 
downwanl  strolvo.  'I'lie  steam  admitted  l>elow  on  the  same  stroke 
forms  a  eusliioii  for  the  absorption  if  flie  momentum  of  the  head. 
In  this  way  tlic  liglitest  of  taps  and  the  heaviest  of  blows  can  be  deliv- 
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ere<l  by  the  same  hammer.  These  hammers  are  also  made  in  a  great 
variety  of  sizes.  Steam  hammers  are  rated  by  the  weight  of  the  falling 
parts,  {.  €,,  the  piston  rod,  ram  or  head,  and  hammer  die.  A  hammer 
in  which  these  parts  weigh  400  lbs.  would  be  called  a  400  lb.  hammer. 
Steam  hammers  are  made  in  two  distinct  parts:  the  Jram€y  carrying 
the  hammer  or  ram,  and  the  anvil,  on  which  the  hammer  strikes. 


C 


Fig.  137. 

The  frame  is  carried  on  a  heavy  foundation,  and  the  heavy  anvil, 
which  is  generally  made  of  cast  iron  and  fitted  with  a  die  block  of 
tool  steel,  rests  uf)on  a  heavier  foundation  of  timber  or  masonry  cap- 
ped A\ith  a  timber.  The  object  of  these  separate  foundations  is  to 
allow  the  anvil  to  give  slightly  imder  a  blow  without  disturbing  the 
frame.  On  verj'  light  jx)wer  hammers  the  anvil  and  frame  are  some- 
times made  together. 

Hammer  Dies.    The  dies,  as  most  commonly  used  with  a  steam 


Fig.  138.  Fig.  139. 

hammer,  have  flat  faces.  The  l)est  ones  are  made  of  tool  steel.  These 
dies  may  be  made  of  tool  steel  and  left  unhardened,  then  when  the 
dies  become  battered  out  of  shape  from  use,  they  may  be  trued  up 
and  refaced  without  going  to  the  trouble  of  annealing  and  hardening. 
Dies  of  gray  cast  iron  and  cast  iron  with  a  chilled  face  are  also  quite 
commonly  used.     Ordinary  gray  cast  iron  is  used,  particularly  when 
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special  shaped  dies  are  employed  for  welding  and  light  bending. 
Tongs  for  steam  hammer  work  should  always  carefully  be  fitted 
and  should  grip  the  stock  firmly  on  at  least  three  sides.  A  quite  com- 
mon shape  for  tongs  for  heavy  work  is  shown  in  Fig.  137.  To  hold 
the  tongs  securely  on  the  work  and  to  make  it  easier  to  handle  them, 
a  link  is  sometimes  used  of  the  shape  shown.     This  is  driven  firmly 


Fig.  140.  Fig.  141. 

over  the  handles  of  the  tongs  and  the  projecting  ends  are  used  as 
handles  for  turning  the  work. 

Hammer  Chisels.  The  common  shape  for  hot  chisels  for  use 
under  the  steam  hammer  is  given  in  Fig.  138.  The  handle  and  blade 
are  sometimes  made  from  one  piece  of  tool  steel.  Sometimes  the 
blade  is  made  of  tool  steel  and  an  iron  handle  welded  on  as  shown  in 
the  sketch.  The  handle  next  to  the  blade  should  he  flattened  out 
to  form  sort  of  a  spring  which  permits  a  little  give  when  using  the 
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Fig.  142. 

chisel.  The  edge  of  the  chisel  should  be  left  square  across  and  not 
rounding.  The  proper  shape  is  shown  at  A,  Fig.  139.  Sometimes 
for  special  work  the  edge  may  be  slightly  beveled  as  at  B  or  C.  For 
cutting  or  nicking  bars  cold,  a  chisel  similar  in  shape  to  Fig.  140  is 
sometimes  use<l.  This  is  made  very  flat  and  stumpy  to  resist  the 
crushing  effect  of  heavy  blows.  For  cutting  into  comers  a  chisel 
similar  in  shape  to  Fig.  141  is  sometimes  used.  For  bent  or  irregular 
work  the  chisel  may  be  formed  accordingly.  For  cutting  off  hot  stock 
the  method  used  is  alx)ut  as  illustrated  in  Fig.  142,  i.  e,,  the  work  is 
cut  nearly  through  as  shown  at  A.  Tlie  bar  is  then  turned  over  and 
a  thin  strip  of  steel  with  square  corners  plac*ed  on  top  as  shown  at  B. 
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A  quick  heavy  blow  of  the  hammer  drives  this  steel  bar  through  the 
work  and  carries  away  the  thin  fin  shown,  leaving  both  of  the  cut  ends 
clean  and  smooth. 

Tools.  The  tools  used  for  steam  hammer  work  are  generally 
very  simple.  Swages  for  finishing  work  up  to  three  or  four  inches 
in  diameter  are  commonly  made  in  the  shape  shown  in  Fig.  143. 


B       ^  ^       C 

Fig.  143. 

The  handle  is  made  in  the  shape  of  a  spring  and  may  be  either  made 
in  one  piece  with  the  blocks  and  drawTi  out  as  shown  at  C,  or  may  be 
inserted  as  shown  at  B.  This  sort  of  a  tool  is  knowTi  as  a  spring  tool. 
Another  sort  of  swage  sometimes  used,  is  illustrated  in  Fig.  144,  the 
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Fig.  144. 

top  swage  at  A,  the  bottom  swage  at  B.  This  sort  of  a  swage  is  used 
on  a  die  block  which  has  a  square  hole  cut  in  its  face  similar  to  the 
hardy  hole  in  an  anvil.  The  short  horn  X,  of  the  swage,  fits  into  this 
hole,  the  other  two  projections  coming  over  the  side  of  the  anvil  block. 
Tapering  and  Fullering  Tool.  The  faces  of  the  anvil  and  ham- 
mer dies  are  flat  and  parallel  and  it  is,  of  course,  impossible  to  finish 
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tapering  work  smooth  between  the  bare  dies.  This  work  may  be  done 
by  using  a  tool  similar  to  Fig.  145.  Its  method  of  use  is  shown  in  Fig. 
146,  the  roughing  being  done  with  the  round  side  down  and  the  finish- 


Fig.  145. 

ing  with  the  flat  side.  Fullers  used  for  ordinary  hand  forgings  are 
seldom  employed  in  steam  hammer  work.  Round  bars  are  used  in 
their  place  in  the  manner  illustrated  in  Fig.  147.  If  a  nick  is  wanted 
on  one  side  only,  simply  one  round  bar  is  used.  Care  must  always 
be  taken  to  be  sure  that  the  work  is  in  the  proper  position  before 
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striking  a  heavy  blow  with  the  hammer.     To  do  this  the  hammer 

should  be  brought  down  lightly  on  the  work  thus  bringing  the  piece 

to  a  flat  ''bearing"  for  the  flrst  blow. 

Squaring  up  Work.  It  frequently 
hapjHjns  that  work  is  knocked  lop- 
sided under  the  hammer,  being 
worked  up  into  some  such  shape 
as  shown  at  x\,  Fig.  148.  To  cor- 
rect this  and  bring  the  work  up 
scjuare,  the  bar  should  be  put  under 
the  hajnmer  and  there  knocked  in- 
to sha])e  B  and  then  rolled  in  the 

direction  indicated  by  the  arrow  until  shaped  as  at  C  when  it  may 

then  be  worked  d()^^'n  scjuare  and  finished  like  I). 

Crank  Shafts.    The  crank  shaft  shown  in  Figs.  82  and  83  is  quite 


Fig.  117. 
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a  ct)inmon  example  of  steam  hammer  work.    The  stock  is  first  worked 

its  illustrated  in  Fig.  149,  the  cuts  being  on  each  side  of  the  crank  cheek. 

A  s|)ecial  tool  is  used  for  this  as  illustrated.     When  the  cuts  are  very 

deep,  they  should  first  l)e  made  with  a  hot 

B        C        D     chisel  and  then  opened  up  with  this  spread- 

C    \    f    J     I     I   ing  tool.     With   light  cuts,    however,  both 

operations  may   be  done  with  a  spreading 
tool  at  the  same  time.     Care  must  be  taken, 

wlien  flattening  out  the  ends,  iO  prevent  any  of  the  material  from 

doubling   over  and   forming   a  "cold  shut''.      After  the  ends  are 

hammere<l  out,  the  comers  next  , 

to  the  cheeks  may  be  squared  by 

using  a  block  as  shown  in  Fig.  85. 
Connecting  Rod  :    Drawing 

out  between  the  shoulders.     The 

forging    illustrated    in  Fig.  80, 

while  hardly   the  exact  propor- 
tions of  the  connecting  rod,  is 

near  enough  the  proper  shape  to 

give  a  goo<l  example  of   this 

kind    of  forging.     The  work  is 

first  started  by  making  two  cuts 

as  illustrated  in  Fig.  150.     The 

metal   l)etween  the   two  cuts  is 

then    drawn   out   by    using  two 

steel  blocks  as  shown  in  Fig.  151 

until  the  metal  is  stretched  long 

enough  to  allow  the  comers   of 

the  square  ends  to  clear  the  edges  of  the   hammer  dies,  when   the 

work  is  done  directly  upon  the  bare  die. 

MISCELLANEOUS  PROCESSES. 

Shrinking.  WTien  iron  is  heated  it  expands  and  upon  being 
cooled  it  contracts  to  about  its  original  size.  This  property  is  utilized 
in  doing  what  is  known  as  shrinking.  Fig.  152  shows  a  collar  shrunk 
on  a  shaft.  The  collar  and  shaft  are  made  separate,  the  hole  through 
the  collar  being  slightly  less  in  diameter  than  the  outside  diameter  of 
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the  shaft.  The  cx)llar  is  then  heated  reel  hot  and  the  lieat  causes  the 
collar  to  expand,  making  the  hole  larger  in  diameter  than  the  shaft. 
The  collar,  while  still  hot,  is  then  placed  on  the  shaft  in  proper  position, 
and  cooled  as  cpiickly  as  j)ossil)le  by  pouring  water  on  it.     As  the  collar 
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Fig.  151. 


is  cooled  it  contracts  and  stjueezes,  or  locks,  itself  firmly  in  position. 
'I  his  principle  of  slirinking  is  used  to  a  large  extent  where  a  firm,  tight 
fit  is  wanted,  the  only  objection  heing  that  it  is  rather  difficult  to  take 
a   ])iece  oil'  after  it  has  once  been  shrunk  into  place. 

Brazinjj;.     When  two  pieces  of  iron  or  steel  are  Avelded  together, 


they  an*  joined  by  making  the  pieces  so  hot  that  the  particles  of  one 
]Mece  will  stick  to  those  of  the  other,  no  medium  being  used  to  join 
them.  In  brazing,  however,  the  brass  acts  in  joining  two  piec*es  of 
metal  together  in  somewhat  the  same  manner  that  glue  <loes  in  jouiing 
two  pieces  of  wood.     Hriefly  the  process  is  as  follows:    Tlie  surfaces 
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tc)  be  joinetl  are  cleaned,  held  together  by  a  suitable  clamp,  heated  to 
the  tein{)erature  of  melting  brass,  flux  added,  and  the  brass  melted 
into  the  joint.  The  brass  used  is  generally  in  the  shape  of  "spelter". 
This  is  a  finely  granulated  brass  which  melts  at  a  comparatively  low 
temperature.     "Spelter"  comes  in  several  grades  designated  by  hard, 
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Fig.  153. 

soft,  etc.,  tlie  harder  spelters  melting  at  higher  heat  but  making  a 
stronger  joint.  Brass  wire  or  strips  of  rolled  brass  are  sometimes 
used  in  place  of  spelter,  brass  wire  in  particular  being  very  convenient 
in  many  places.  A  simple  example  of  a  brazed  joint  is  shown  in  Fig. 
153,  where  a  flange  is  brazed  to  the  end  of  a  small  pipe.  It  is  not 
necessary  in  this  case  to  use  any  clamps  as  the  pieces  will  hold  them- 
selves together.  The  joint  between  the 
two  should  be  made  roughly.  If  a  tight 
joint  l)e  use<l  there  will  be  no  chance  for 
the  brass  to  run  in.  ITie  joint  should  fit 
in  spots  but  not  all  around.  Before  put- 
ting the  two  pieces  together,  the  surfaces 
to  l>e  joined  should  be  cleaned  free  from 
loose  dirt  and  scale.  When  ready  for 
brazing  the  joint  is  smeared  with  a  flux 
(one  part  salammoniac,  six  or  eight  parts 
Ijorax)  w^hich  may  be  added  dry  or  put  on 

in  the  form  of  a  paste  mixed  with  water.  The  joint  is  then  heated 
and  the  spelter  mixed  with  flux  sprinkled  on  and  melted  into  place. 
Brass  wire  could  be  used  in  place  of  the  spelter  in  the  manner 
indicated,  the  wire  being  bent  into  a  ring  and  laid  round  the  joint 
as  shoviTi.  Ordinary  borax  may  be  used  as  a  flux,  although  not 
as  good  as  the  mixture  used  above.     The  heat  should   be  gradu- 
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ally  raised  until  the  brass  melts  and  runs  all  around  and  into  the 
joint,  when  the  piece  should  be  lifted  from  the  fire  and  thorou^ly 
cleaned  by  scraping  off  the  melted  borax  and  scale.     It  is   neces 
sary  to  remove  the  borax, 
as  it  leaves  a  hard  glassy 
scale  which  is   particularly 
disagreeable    if  any    filing 
or  finishing  has  to  be  done 
to    the   joint.      This  scale 
may  be  loosened  by  plung- 
ing the  work  while  still  red 
Fig.  155.  hot,  into  cold  water.      Al- 

most any  metal  that  will 
stand  the  heat,  may  be  brazed.  Great  care  must  be  used  in  braz- 
ing cast  iron  to  have  the  surfaces  in  contact  properly  cleaned  to 
start  with,  and  then  properly 
protected  from  the  oxidizing 
influences  of  the  air  and  fire 
while  being  heated. 

Annealing  Copper  and 
Brass  may  be  done  by  heat- 
ing the  metals  to  a  red  heat 
and  then  cooling  suddenly  in 
cold  water.  When  copper  or 
bra.ss  is  hammered  to  any  ex- 
tent, it  i>ecomes  hard  and 
springy  and  if  it  has  to  be 
further  worked,  it  must  l>e  an- 
nealed or  .softencfi,  otherwise 
it  is  almost  sure  to  split. 

Bending  Cast  Iron.  It  is 
sometimes  necessary  to 
straighten  a  casting  which  h  s 
bettinie    warjjed    or    twisted.  fj^..  mn. 

Cast  iron  may  be  twisted  or 

bent  to  quite  an  extent  if  worked    cautiously.     The    bending   may 
generally    be  done  at   alxjut  the  ordinary   Imrtleiiing   heat  of   tool 
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steel  and  should  be  done  by  a  steadily  applied  pressure,  not  by 
blows.  There  is  more  danger  of  breaking  the  work  by  working  it  at 
too  high  a  heat  than  by  working  at  too  low.  As  an  example  of  how 
iron  may  be  twisted,  a  bar  of  gray  cast  iron  one  inch  square  and  a  foot 
long  may  be  twisted  through  about  90®,  before  it  will  break. 

Case-Hardening.  The  essential  difference  between  machine 
steel  and  tool  steel  is  the  amount  of  carbon  that  they  contain.  If  car- 
bon be  added  to  machine  steel  it  will  be  turned  into  tool  steel.  Some- 
times articles  are  wanted  very  hard  on  the  surface  to  resist  wear  and 
at  the  same  time  very  tough  to  withstand  shocks.  If  the  piece  be 
made  of  tool  steel  in  order  to  be  hard 
enough,  it  \iall  be  too  brittle,  and  if  made 
of  machine  steel  in  order  to  be  tough  enough, 
will  be  too  soft.  To  overcome  this  diffi- 
culty the  parts  are  made  of  machine  steel 
and  then  the  outside  is  carbonized  or  con- 
verted into  tool  steel  to  a  slight  depth,  and 
this  outside  coating  of  tool  steel  then  hard- 
ened. The  process  is  known  as  case-harden- 
ing. The  method  used  generally  consists  of 
heating  the  machine  steel  red  hot  in  contact 
with  something  very  rich  in  carbon,  gener- 
ally ground  bone.  The  surface  of  the 
machine  steel  takes  up  or  absorbs  the  car- 
bon and  is  converted  into  tool  steel.  For 
more  detailed  information  the  reader  is  referred  to  **Tool  Making". 

Pipe  Bending.  A  piece  of  pipe  when  bent  always  has  a  tendency 
to  collapse  and  if  this  collapsing  can  be  prevented  by  keeping  the 
sides  of  the  pipe  from  spreading,  a  pipe  may  be  successfully  bent  into 
almost  any  shape.  One  way  of  doing  this  would  be  to  bend  the  pipe 
between  two  flat  plates  as  shown  in  Fig.  154,  the  plates  being  the 
same  distance  apart  as  the  outside  diameter  of  the  pipe.  In  bending 
large  pi{)e,  the  sides  are  sometimes  prevented  from  bulging  by  working 
in  with  a  flatter.  Where  a  single  piece  is  to  be  bent,  it  may  be  done  by 
heating  the  pipe  and  inserting  one  end  in  one  of  the  holes  in  a  swage 
block  as  shown  in  Fig.  155,  the  pipe  being  then  bent  by  bearing  down 
on  the  free  end.     As  soon  as  a  slight  bend  is  made  it  is  generally 
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necessary  to  lay  the  pipe  flat  on  the  anvil  and  work  down  the  bulge 
with  a  flatter.  Where  many  pieces  are  to  be  bent,  a  grooved  "jig" 
such  as  sho\Mi  in  Fig.  156  is  sometimes  used.  The  jig  is  of  such  a 
shape  that  the  pipe  is  completely  surrounded  where  it  is  being  l>ent, 
thus  not  having  any  opportunity  to  collapse  or  bulge.   'Pipe  is  some- 
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times  filled  full  of  sand  for  bending.  This  helps  to  some  extent. 
Care  must  be  taken  to  see  that  the  pipe  is  full  and  that  the  ends  are 
solidly  plugged.  For  bending  thin  copper  tubing,  it  may  be  filleil 
with  melted  rosin.  This  gives  very  satisfactory  results  for  this  char- 
acter of  work.  After  bending,  the  rosin  is  removed  by  simply  heating 
the  pipe. 

Duplicate  Work.     Wiere  several   pieces  are  to  l)e  exactly  alike 
in  a  shop  that  is  not  e([uipped  for  special  work,  it  is  sometimes 

practical   to  use  a  ** jig"  for  performing 

the  operations.     For  simple  bending  the 

**jig*'  may  consist  of  a  set  of  cast-iron 

blocks.     Fig.  IT)?  illustrates  a  simple  bend 

with  the  block  use<l  for  doing  the  work. 

The  work  is  done  as  shown  at  B.     The 

piece  to  be  bent  is  placed,  as  shown  by 

the  (lotted  lines,  with  the  bending  block 

on  top.'    The  bending  is  done  by  one  or 

two  strokes  of  the  steam  hammer.     For 

convenience  in  handling,  tlic  bending  blocks  arc  sometimes  held  by  a 

spring  handle  as  shown  in   Fig.  MS.     The  blocks  in  this  case  are 

for  Wilding  the  hooks  shown  at  A.     The  handle  is  simply  a  piece  of 
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l"  roun<l  iron  with  the  ends  screwed  into  the  cast-iron  blocks  and  held 
firmly  by  the  lock  nuts  shown.  This  makes  a  cheap  arrangement  for 
a  variety  of  work,  as  the  same  handles  may  be  used  on  various  sets  of ' 
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blocks.  Where  a  great  number  of  piec-e.-*  are  to  l>e  ma<ie,  these  blocks 
or  bending  dies  may  be  made  of  such  a  shape  that  they  can  be  keyed 
on  the  steam  hammer  in  place  of  the  regular  flat  dies. 

Die  Forging.  Pieces  are  sometimes  shaped  l>etween  formed  steel 
dies  where  many  are  to  be  made  exactly  alike.  An  example  of  this 
sort  of  work  Is  the  eye  bolt,  Fig.  159. 
Round  stock  is  used  and  is  first  shaped 
like  A,  Fig.  160.  The  shaping  is  done 
in  the  dies  shown  at  B,  which  are  .sim- 
ply two  small  blocks  of  tool  steel  fa.st- 
ened  together  with  a  spring  handle, 
the  inside  faces  of  the  blocks  l>eing 
formed  to  shape  the  piece  as  shown. 
The  end  of  the  bar  is  heated,  placed 
between  the  die  blocks  and  lianiniere<l 
until  it  takes  tlie  re<iuired  .shape,  be- 
ing turned  through  iil>out  !H1°  be- 
tween each  two  blows  of  the  stc;nii 
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hammer,  and  the  hammering  continued  until  the  <lic  faces  jnsi  t 
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For  tlie  .seconil  step  tlir  hall  is  tlatleDed  to  nlfnit  thi^  thickiieKt  of  itip 
finUhed  eye  and  the  hole  puat-hed  under  the  Kte»m  hammer  with  an 
ordinary  punch,  iea^-iitg  the  work  as  shown  at  ('.  Thw  final  .shaping 
is  done  with  the  tiniflhiii^  die  D,  Tliis  die  is  ho  shaped  that  when  the 
two  parts  are  together,  the  hole  left  is  exactly  the  .shniK^  of  the  filiishcil 
foiling.  In  the  first  die  it  will  !«  noticed  that  Uic  holes  dn  not  con- 
form exactly  to  tlieile.sireii  shn]>erif  the  forginp,  ht-iiig,  in.-lr^ailnf  seini- 
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cimilar,  ciinsidenilily  ronnde<l  off  at  tin-  eilges.  This  is  shown  more 
clearly  in  Fig.  101  at  A,  where  die  ilotled  lines  slmw  the  nliape  of  the 
forpng,  ihe  Milid  hncs  iht-  shniM-  of  li.e  die,  Tin-  .ilijwt  of  tlie  alio%T 
is  this:  IF  tin-  hole  is  semicircnlar  in  section,  the  sl(«k.  lieing  tni^r 
than  the  smaller  |>art.s  of  the  hole,  iifler  a  hlow  will  Ik-  left  like  H,  Uic 
metal  being  forced  nut  Itetween  die  ilat  fiw-es  of  die  die  an<[  foriaing 
Otis.     Ulien  the  bar  is  turned  tlie^e  fins  are  worke<]  back  and  make  a 


"cold  ahul",  W\ien  tlic  hole  is  a  moililied  semicircle  the  stock  will 
be  fomiwi  like  C,  and  may  Iw  turiiol  tiinl  worked  without  danger  of 
"cold  shuts",  Dies  for  tliis  kind  of  work  are  sometimes  made  of 
cast  iron.  \Mien  mude  of  tool  steel  it  is  sometimes  possible  to  shai>e 
llkeni  hot.  A  "master"  forging  is  first  make  of  tool  steel  to  exactly  the 
sbnpe  oi  the  recjuiretl  forging.  The  blocks  for  the  dies  are  then  forged 
wilh  flat  faces.     These  blocks  are  fastened  to  the  handle  and  then 
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Iicaieii  n-d  hot.     The  masler  forging  is  then  placed  Ijetween  tlie  dies 
and  the  dies  liamitiered  down  tight  over  the  forging.     This  leaves  a 
ca\'ity  just  the  shape  for  the  rc)|nire<l  forfjing. 
MANUFACTURING. 

Tlw  iimnnfttctiiriiig  slio[>  differs  very  essentially  from  the  jobbing 
shop.  In  the  latter  shop  very  few  forgings  ure  mmie  at  the  same 
tinw  rxiii-tly  ulike,  while  in  miinurwtuHng,  each  forging  is  generally 
dli|iticiUeil  a  lar^  nnmlier  of  times  and  si»crial  machines  are  used  for 
doing  the  work. 

Drop  Forges  aiv  used  for  iguickly  forming  l-oiu plicated  slia)K-s 
out  of  wnniglil  iron  or  steel.    'Hiey  cousi-sl,  a.s  the  name  indicates, 
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of  a  )iea<l  that  may  be  "droppeil"  from  any  desiretl  height  ii[)on  tiie 
piwe  ti)  Im!  shnpetl.  'ITie  hejul  of  the  tirop  and  tlie  an^il  are  in  iUr 
form  of  tiifts.  As  they  come  liigetlier  the  mclal  is  forceil  to  How  so  as 
to  fill  the  interstices  and  thus  take  on  the  form  desirwL  In  drop 
forfjiiig  the  metai  niiisl  lie  heiiled  to  (i  hif;h  temperature  so  as  to  \k  in  a 
soft  and  plastie  condition. 

A  common  type  of  drop  lianinier  ii.se<l  lor  this  kind  of  worlv  is 
is  shown  in  Fig.  162.  The  hammer  in  this  ca.se  is  fa'stened  to  a  board 
and  is  raised  by  the  friction  roll*'rs  at  the  top  of  tlie  frame  bciiig 
pressed  against  the  l>oanl.  \\1ien  the  hammer  reaches  the  top  of  tlie 
frame  it  is  droppe<i  hy  releasing  the  rollers  from  the  l>oaril .     Tliis  may 
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lie  done  antonialically  or  by  a  foot  treudle.  Drop  liurnnnTs  are  nLso 
bnill  in  the  same  general  way  a.s  steam  hammers.  V)\cs  for  drop 
forging  generally  consist  of  a.  ronghing  or  breakingKlown  die  where 
the  rough  stock  is  fir.st  given  approximately  the  desire*!  shape  and  a 
smoothing  die  when  th*;  finishing  is  done.  Tliese  dies  liavo  in  their 
faces,  holes  of  the  same  shape  b.s  the  re(|uired  forging. 

Power  Hammers.  Another  tool  which  is  used  tu  quite  u  lurgc 
extent  in  nianufai'lnring  u-s  well  as  in  the  jobbing  shop  is  tlie  jiower 
hannner.  'Hiis  is  made  in  several  diffen-nt  tj-pes  and  is  nswl  where  ■ 
qnick,  rapid  blow  is  waiitt^^l.  'nie.se  hammers  are  run  by  Ijell.-*.  'I'wii 
general  tyiHv  are  showTi  in  Figs.  1113  and  104,     'I'lie  first  is  knuwn  as  * 
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justice  hammer.     The  second  is  a  Bradley.     Shaped  dies  are  fre- 
(juently  used  on  these  hammers. 

Bulldozer.  This  is  a  tool  used  for  bending  and  consists  of  a 
heavy  cast-iron  bed  with  a  block  or  bolster  at  one  end,  and  a  moving 
head  which  slides  back  and  forth  on  the  bed.  A  common  type  is 
shown  in  Fig.  165.  Heavy  dies  are  clamped  against  the  bolster  and 
on  the  moving  head,  of  such  a  shape  and  in  such  a  way  that  when  the 
moving  head  is  nearest  the  bol- 
ster, the  shape  left  between  the 
two  dies  is  exactly  the  shape  to 
which  it  is  desired  to  bend  the 
stock.  In  operation,  the  moving 
head  slides  back  and  forth  on  the 
l>ed.  The  bar  to  be  l)ent  is  heated 
and  placed  between  the  dies  w:hen 
the  head  is  farthest  from  the  bolster. 
A  clutch  is  then  thrown  in  and  the 
head  moves  forward  to  the  bolster, 
bending  the  iron  as  it  goes. 

Presses  serve  the  same  purpose 
as  drop  hammers.  They  do  the  work 
more  slowly,  however.  The  class 
of  work  Ls,  in  some  respects,  the 
same.  The  principal  difference  lies 
in  peculiarities  of  shape  that  re- 
quire different  time  intervals  for  the 
flow   of    the    metal.      ^^^lere    the 

shape  LS  such  that  the  metal  must  move  slowly  in  order  to  acc|uire  its 
new  shape  or  fill  the  die,  the  press  should  l)e  used. 

Ranging  Press.  A  particular  type  of  forging  press  is  the  flanging 
press.  This  is  used  more  particularly  in  boiler  work  and  is  generally 
a  heavT  hydraulic  press.  The  flanging  is  done  by  placing  the  heated 
metal  on  the  bed  of  the  press  and  closing  the  dies  together  by  hydrau- 
lic pressure. 

Cranes.  V^liere  heavv  work  is  to  he  handled,  it  is  necessarv  to 
have  some  means  of  conveying  the  work  from  one  part  of  the  shop  to 
another.     This  is  done  by  means  of  cranes  of  two  general  ty[)es.     The 
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traveling  crane  and  jib  crane.  The  former  tj"pe  runs  on  an  over- 
hea<l  track  from  one  end  of  the  shop  to  the  other,  generally.  The 
latter  tjpe  is  used  more  commonly  for  handling  work  under  the  ham- 
mer-., and  it,  merely  an  arm  or  lx>oni  swin^ng  around  a  post  and  hanng 
a  smtahle  arrangement  for  raising  and  lowering  the  work.  Vihrn 
handlmg  heai\  work,  whenever  pos^ble,  it  is  suspende<l  from  the 
(rane  h\   lis  center,  in  such  a  way  that  it  nearly  balances.     The 
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V  -IniK'  liy  iiif-aiis  of  iin  endless  chain  such  as 

illii>iralc.ri.i  iV    im 

,  ami  in  tlii>  wiiy  it  may  be  easily  rolled  and 

swnii;;  fnini  si.lc  t..  si 

1'.     I'ur  e;iM'  in  handling  large  forgings,  a  l>ar. 

or  liamlU-  i■^  soniclirnt 

•;  wcliicd  Dii.     This  is  kninvn  as  a  porter  l)ar. 

rurnaces.     In  nc 

ily  all  inannfjiiinriiii,'  wi.rk  and  in  large  work  in 

lll.-J..I,].in^'^l,.,,Mh,. 

falin<ji<  dune  in  furnaces.     'ITie  heat  i.s  gener- 

illv  Mi|.i>lic.]   I.vcilhr 

liarcl  ccial.  coke  or  oil.  coke  Wing  more  com- 

n,.>nlycn,,,luvnli„,i,. 

l)in;;  .slinj..s.     Si.Tnctinies ordinary  coal  is  uaed. 

A  fnniair  lusoil  fur  lit- 

jdiiig  small  work  for  manufacturing  is  showTi 

•n  Fig.  li;?.     'i'liisn. 

y  lie  u.sod  will'  cillicr  ordinary'  coal   or  coke. 
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Giu  FumaceH  arc  iL'*ed  wiipii  an  even  ln-al  is  wmiteil.  partipiilarly 
for  liardMiiriK  un'l  k'in(iiTiiijf.  Fur  iiianuriicliiriii^  wnrk  llie  fnrimces 
are  sometimea  fixetl  to  <io  the  Iieatiii;;  aiitomiilkallv.  The  piects  to 
be  lianit'Hwl  urf  nirriwi  ihriMijih  (be  rnnuu'c  iiti  uii  cmlless  chain 
which  moves  at  a  .s[>cf<l  so  tinu-ii  ihat  tlic  jneces  have  just  time  enough 


heuleil  to  iht'  rifiht  teinpcratiire  as  tltey  pans  through  the  furnaee. 
Sknit  a  fiimaoe  is  shown  in  Fig.  IGR.  A  simple  gas  fnrnafe  for  all 
around  nork  la  shown  in  Fig.  Ht!). 

Reverfoeratory  Furnaces.  A  revcrl leralory  or  air  furnace  is 
a  Tuniaet;  in  which  ore,  metal  or  other  material  i.s  expose*!  to  the 
mt!iiaa  of  Hame.  Imt  not  to  the  conlju-t  uf  liurning  fuel.  The  flame 
aws  over  a  bridge  and  then  downwanl  ujion  the  niiilenal  sprej"! 
upon  th«  hearth.  .Such  furnaces  are  extensively  used  in  shops  where 
heavy  wirk  is  t>eiiig  executed.  They  are  also  u.se<i  for  melting  iron 
r  other  metals.  For  this  purpose,  liowe-v-er.  lliey  are  not  economira! 
lincv  ifavy  re(|tiire  ulioul  twice  as  much  fuel  as  that  used  in  the  cn]Hilii 
r  ibe  production  of  good  hot  iron.     To  be  effective  the  flame  must 
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Ijc  made  to  TevrHM^rate  from  tlie  low  roof  of  tlie  fnniace  down  upon 
the  tiearth  and  work.  The  form  of  tlie  roof  and  tlie  velocity  of  the 
currents  determines  the  hottest  part  of  the  fnniace, 

A  common  form  of  i-everl  oratory  furnace  is  shown  in  Fig.  170. 
The  whole  is  lined  with  fire  hrifk  from  the  top  of  the  grates  to  the 
top  of  the  stack.  Tlie  fuel  is  liiimed  in  a  fire  box  separated  from  the 
heating  portion  of  the  furnace  by  a 
low  briilge  wall  D.  Access  to  the 
j^ate  is  obtained  by  suitable  doors 
iKitii  above  ami  below,  ^^^len  in 
service,  Iwth  doors  are  tightly  close<l 
and  a  strong  forced  draft  is  admit- 
teil  to  the  ash  pit.  Beyond  the 
bridge  wall  is  the  furnace  proper. 
This  usually  consists  of  a  low  cham- 
ber with  a  level  floor.  Like  the  fire 
bux  it  is  completely  lined  with  a 
tliifk  wall  of  fire  brick.  Access  is 
obtained  to  this  chamber  through  a 
vertically  sliding  door.  These  doors 
are  also  linetl  with  fire  brick  and 
are  usually  suspended  from  chains. 
'Hiese  pass  over  pulleys,  and  have 
(imnter  balancing  weights  at  the 
other  emi. 

The  operation  of  the  furnace 
is  exceedingly  simple.  After  the 
fuel  has  been  charged  upon  the  grates,  the  ash  pit  and  furnace  doors 
are  closed ;  tlie  material  to  be  heated  is  put  upon  the  floor  of  the  cham- 
ber; the  doors  are  elosal  and  the  draft  admitted  to  the  ash  pit.  The 
thick  walls  which  surround  the  furnace  prevent  radiation  of  its  heat. 
'ITie  fire  brick  are.  therefore,  heated  to  incandest^nce  and  the  hot 
gases  sweep  through  the  chaniber.  Tlie  flow  of  the  gases  is  usually 
checked  by  a  choke  damper  on  top  of  the  stack 

The  outer  form  of  these  furnaces  is  usually  rectangular.  The 
brick  walls  are  tied  together  by  slay  ro<ls  lo  prevent  bulging  and 
the  corners  are  protecteil  by  angle  irons. 
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llic  Meleftion  of  the  fuel  is  an  ii>i[>ortiint  matter  in  tlie  n[>eration 
of  tlie.sc  fnntaees.  Kxperinients  have  lieen  made  with  ahnost  every 
kinil  of  fuel.  That  now  tmiversally  used  is  a  soft  hitiuiiiiioiis  coal 
that  will  not  cake. 

Steam  or  power  hammers  are  always  used  in  conneotion  with 
these  furnaees.  The  work  is  too  large  and  heavy  for  manipidation 
hy  hand  hammers. 

An  ordinary  class  of  work  done  with  them  is  the  welding  of 
slabs  from  small  pieces  of  scrap.  To  do  this  a  rough  pine  board 
alwut  12  inches  wide  and  from  15  to  18  inches  long  is  used.     On  it 


Fig.  170. 

is  neatly  piled  about  200  pounds  of  small  scrap  piece,";.  This  material 
is  thea  bound  to  the  boards  by  wires,  and  the  whiitc  i.s  placed  u|x>n 
the  hearth  of  the  furnace.  It  is  allowed  to  remain  until  the  whole 
mass  is  at  a  weliling  heat,  ^\'hen  in  this  condition,  the  plastic  .surfaces 
of  the  pieces  .serve  to  stick  them  together,  so  that  the  whole  mass  can 
he  handled  as  a  single  unit  by  the  tongs.  The  boanl,  of  course,  burns 
away,  leaving  the  metal  on  the  hearth.  The  metal  is  then  liftetl  out 
and  placed  under  the  steam  hammer.  A  few  light  blows  ser\'e  to  iio 
the  welding.  After  this  heavier  blows  are  struck  and  the  mass  i.s 
hammered  into  any  shape  that  may  be  desired.  I'siially  this  first 
hammering  gives  it  the  form  of  a  slab.  Slabs  thus  made  are  cut  up 
and  again  welded  to  form  the  metal  for  the  final  shape. 

In  the  piling  of  the  metal  upon  the  l)oard  or  .ihirifflr,  as  it  is 
called,  great  care  should  be  exercised.  In)n  and  steel  should  net 
be  piled  together.  Rusty  metal  shoulil  lie  cleaneil  before  being  put 
in  the  pile.     Lai^  air  spaces  between  the  pieces  should  be  avoided. 
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The  whole  mass  should  be  packed  together  as  compactly  as  possible. 

Bolt  Headers  are  really  upsetting  machines  that  form  the  hea<ls 
of  lH)lts  upon  straight  rods.  Owing  to  the  rapidity  with  which  they 
do  their  work,  they  are  invariably  used  for  manufacturing  lK)lts  in 
quantities. 

Miscellaneous  Suggestions.  In  doing  work  in  the  blacksmith 
shop  it  must  be  constantly  remembered  that  the  work  is  larger  at  the 
time  it  is  being  manipulated  than  it  will  \ye  when  cool.  Allowance 
must,  therefore,  always  be  maxle  for  shrinkage.  As  the  pattern  maker 
aHows  for  the  contraction  of  the  molten  metal  to  the  cold  casting,  so 
the  blacksmith  must  allow  for  the  contraction  of  the  hot  iron  or  steel 
to  the  cold  forging 

The  temperatures  of  iron  at  the  several  colors,  are  as  follows: 

Lowest  red  visible  in  dark 878®  F. 

Ix)west  red  visible  in  davlight 887°  F. 

Dull  red \.: ..ilOO^F. 

Full  red 1370°  F. 

Light  red,  scaling  heat , 1550°  F. 

Orange .1650°  F. 

Light  orange 1725°  F. 

Yellow •: 1825°  F. 

Light  vellow 1950°  F. 

This  table  is  ])as(Ml  on  tcmperaturos  ^ivon  by  Messrs.  Taylor  and  White, 
Transactions  Am.  S<m:.  of  Moch.  En<:s.,  Vol.  XXI. 

From  the  alM)ve  it  will  he  seen  that  the  temperature  at  which 
forgiugs  are  fiuislicd  under  tlie  hammer,  should  be  at  about  rKK)° 
Faiir.  Whni  these  same  forgings  are  cold  their  temperature  will  l)e 
from  tiO^  to  7(P  Fahr.  There  is,  therefore,  a  diflerence  of  at  least 
S4()°  betweiMi  the  working  and  the  finished  temperature,  llie  expan- 
sion of  iron  may  he  taken  to  average  ai)out  .(M)(M)0(>()2  of  its  length 
for  each  increase  of  on(*  degree  Fahrenheit  in  its  tem[>erature.  If  a 
bar  of  machine  steel  exactly  2  feet  long  when  cold,  \ye  heated  red 
hot  and  measured,  it  will  be  found  to  have  increase<l  nearly  V  in 
length.  Taking  the  tem|)erature  of  the  red  heat  as  1370^  F.,  and 
that  of  the  cold  bar  as  70  F.,  the  increase  in  IcMigth  would  be  1300X 
.()()0()(U)()2  X24  ( length  in  inches  )  -  .2(X)".  This  expansion  must  be 
alloweil  for  when  measuring  forgings  red  hot. 
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ELECTRIC  WELDING  DEVELOPMENT. 

Till*  art  of  weldini]^  iron  is  probably  as  old  as  the  earliest  j)ro- 
iliu'tion  of  that  metal  by  man;  in  fact,  the  rtnlnetion  of  iron  in  the 
primitive  forges  demanded  the  union  by  welding  of  the  reduced 
[Kirtiele?,  for  no  true  fusion  could  have  resulted,  the  percentage  of 
carbon  present  IxMng  too  low.  Until  the  closing  years  of  the  last 
erntury  iron  was  the  only  weldable  metal,  if  we  excej)t  gold  and 
|>latinum,     too  exjyensive  for  common  application. 

The  fact  that  nearly  pure  iron,  so  difficult  to  melt,  bt*comes 
cpiite  plastic  at  high  temperatures,  while  the  oxide  or  black  scale 
melts  long  before  the  metal  itself  becomes  fluid,  thus  providing  a 
li<juid  flux  which  is  squeezed  out  during  the  process  of  union, 
accounts  for  the  unique  position  which  iron  held  until  recent 
years.  When,  however,  the  heating  effects  of  electric  current 
energy,  so  |)erfectly  under  control,  were  applied  to  weld  metals,  a 
metal  or  alloy  which  would  not  weld  l>ecame  the  exce[)tion,  instead 
of  the  rule,  as  before.  Much  of  the  former  work  of  the  smithy 
lire  is  now  accomplished  by  the  electric  welding  transformer,  and 
although  many  metals  are  easily  manipulated  by  the  electric  proc- 
ess, iron,  of  course,  s^ill  occupies,  as  ever,  the  principal  j)lace. 

The  electric  weld  is  becoming  a  more  and  more  im[)<)rtant 
factor  in  many  industries.  During  recent  years  the  extension  of 
its  application  has  been  steady,  and  each  year  has  witnessi'd  its 
entrance  into  new  fields.  Sometimes,  indeed,  new  manufactures, 
<ir  new  ways  of  obtaining  results  have  been  based  upon  its  use. 
The  electric  welds  under  consideration  are  the  results  of  that  o|)er- 
ation  of  uniting  two  pieces  of  metal  by  what  is  known  as  the 
Thomson  process,  first  brought  out  by  the  writer  and  rendereil 
available  in  commercial  practice  a  considerable  number  of  years 
ago.  The  rapidity,  flexibility,  cleanliness,  neatness,  accuracy,  and 
economy  of  the  electric  process  has  won  for  it  such  an  im|K)rtai]t 
standing  in  the  arts  that  many  future  extensions  in  its  ii})plication 
are  assured. 

Note  :  This  article  by  Prof.  Klihu  Tliomson,  the  inventor  of  the  sys- 
tem of  Electric  Welding,  first  appeare<l  in  (/aHsiers'  Magazine,  and  is  liere 
reprinted  by  special  permission. 
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TIw  nnifaniiity  of  IIm  work,  Um  i.*<intnil  wf  tW  ojh* 
rXtivnMi    liMilintion    ut    tliit  lust   to  tliii  partiralar  {Kfl 
unite*],  mnd  the  lart  Unit  tlic  pnxv^  ia  nut  IliititMl  tw  J 
Blrel.  I>ut  nu  dm)  iijiially  wvll  with  utWr  nivtiib,  such  a 
br«£«,  bruu&-«,  ami  rvcii  Inn],  an*  cLMfactttri Biles  of  1 

The  Electrk.  Welder.       In    iu   8inijil.^t    (orni, 
wider  ronsistE  of  it  s|iec»I  tnuisfurtuvr.  tliv  primary  1 


which  rtHwivt-s  <!urrfiit  ffim  un  ilivtric  at»tjiiii  ur  dyiU 
atur,  at  a  rultugu  nsnally   rruin    uuu   liuodivd   lu   five  ] 
tiin«9  that  n-qiiint]  lo  make  a  wclil,     'Dii- t'0|ijK'r sucondi 
of  the  trail (iforrufr  is  gctienilly  unly  s  sinplo  turn  of  i 
«tK;ttoii,  BO  tLat  it  may  develop  an  c xtremely  liatvy  curronl 
two  to  fonr  volts. — no  electric  presBuiv  so  low  that  it  aum 
lliv  It-aet  flTt^-t  of  shock,  and  oiin  for  which  thvni  Is  do  diffi 
ill    securing   [>erfyct   losnlatiou.     The   work    pieces  an?   ltd 
clainjiB  or  vioi-ii,  attacht'il  tn  or  njirrii'l   ii|)ciii   lix-  turmioa] 


si>coiitliiry  uircuiE.     Tlia  control  of  tltocli 


n-nl  switcli  is  L'il)u-r  irmniial. 


niping  deviceB 
r,  ill  Bonie  casca,  enlin*ly 
It-rate  llie  iimiiy  ajiplii'a' 
ve   iiiiiy   rcfur  to  h  few 


Witiioiit  attfni[iliiiti  tot 
I   of  flfctrii!    welJliig    i[i    itii'   iir 

Applicaticn5.     In  tliu  waggon  and  i-arriagu  industry  tlie  jiroc- 
s  H]i]ilied  in  tbu  prodnclion  of  tiri'S  of  all  sections,  axles,  hub, 

Rsaiid  bauds,  tiftli  wlieels.  sliiftiiig  mils,  steps,  shaft  iron, 
it  ItHB  fonnd  a  large  use  in  the  welding  into  continnoiia 
kndfl  uf  tbe  vrirea  Inclosed  in  niliber  tires  for  bnlding 
ftw.     The  larger  part  of  tlie  daeh-franiea  used  iii  ear- 
!A  ill  tbtf  I'liited  Slates  are   now  probably  made  by  electric 
l^wlitlo  iron  and  steel  agn'cultnral  wheels  are  built  lip,  or 
R  QDited,  by  elet-tric  welds. 

1  the  many  applications   to  the  bicycle  iiidiiatry 
t  to  CHtalugiie  must  of  tlie  metal  [xirts  of  this  use- 
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ful  machine.  It  must  be  borne  in  mind,  too,  that  a  welding 
machine,  slightly  modified,  is  equally  applicable  for  locally  heat- 
ing parts  in  electric  brazing  or  hard  soldering,  for  upsetting,  and 
for  bending  or  shaping.  Bicycle  crank  hangers,  pedals,  seat-posts, 
fork  and  fork  ends,  frames  and  brake  parts  thus  become  products 
in  which  the  welding  transformer  has  its  part.  It  has  found  a 
useful  field  also  in  tool  manufacture,  such  as  drills,  reamers,  taps, 
band  and  circular  saws,  drawing  knives,  carpenter^s  scjuares, 
printer's  chases,  etc.,  etc.,  and  electric  welding  has  a  closely  related 
use  in  the  production  of  machine  parts.  Cam  shafts  and  crank- 
shafts  are  made  from  drop  forgings  welded  together,  teeth  are 
inserted  into  gear  wheels,  and  teeth  are  welded  to  saw  l)odies. 
including  stone  saws.  Such  things  as  inking  rolls  in  printing 
machines  and  fallers  for  looms  are  additional  examples. 

In  the  wire  industry  the  part  ])layed  by  electric  welding  is 
already  quite  important,  and  becomes  steadily  more  so.  Besides 
the  mere  simple  joining  of  wires  of  iron,  steel  or  copper  into  long 
lengths,  the  welding  of  wire  or  strip  into  hoo[>s  for  barrels,  tubs, 
pails,  etc.,  is  supplanting  the  older  forms.  Numerous  machines 
are  in  operation  turning  out  electrically-weldi»d  wire  fence,  mnch 
as  a  loom  turns  out  cloth.  In  j)i[»e  bending  and  coiling,  as  in 
uniting  ordinary  lengths  of  pipe  into  very  long  lengths  withont 
screw  joints,  the  electric  weld  has  a  s|>ecial  adaptability.  Hun- 
dreds of  miles  of  street  railwav  rails  have  been  welded  into  contin- 
nous  lentTths  and  now  exist  in  many  cities.  Where  rails  are 
bonded  only,  the  electric  welder  assists  in  the  production  of  brazed 
or  welded  ]K)nds. 

It  is  a  wide  range  between  buckles,  typewriter  bars  and 
umbrella  rods  to  the  local  annealing  of  armour  j)lates  on  warships, 
])Ut  the  electric  welder  covers  that  rancje.  It  is  no  wider,  how- 
ever,  than  that  from  fine  wires  of  a  diameter  of  one-fiftieth  of  an 
inch  up  to  heavy  steel  wire  for  the  armour  of  submarine  cables, 
and  again  up  to  street  railway  rail  joints. 

In  recent  years,  elaborate  machinery,  for  the  actual  produc- 
tion on  a  large  scale  of  steel  tubing  from  fiat  stock  or  skelp  by  the 
progressive  welding  of  a  longitudinal  seam,  has  been  put  into 
operation.  The  long  strip,  or  skelp,  is  rolled  up  so  that  its  edges 
meet.    In  this  condition  it  enters  between  the  welding  rolls,  which 
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operatiuu  is  pnifirt 
as  it  in  fed  into  tlie  itinoliiut!.  Tbe 
walla  are  of  mvn  tliiuknese  and  llit^ 
can  be  ilUrwtrd  ilruwii,  if  iiwtli 
tliiu  pi|w  lau  b«  nitiJu  of  bU^-I,  the  lungilndiiiiil  Beam  or  weld  in 
wlik-h  i«  n  dt'lii'-ate  hend  along  tlif  leugtb.-  u  lieuiitifiil  prodnt-t. 
for  ibo  extri'iiie  localiaation  (if  \.hv  heat  bftn  allowed  preservation  nf 
Nuil  tiuisli  pf  ilip  luytftl  tmtsidt)  th«  juirit.    T»i)er  tubes, 
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such  as  are  uatni  for  bicycle  front  forks  and  the  like,  are  easily 
made. 

A  similar  machine  for  large  work  has  lately  l)een  constructi^l, 
and  by  its  nae  large  diameter  tubes  or  shellB,  up  to  10  inches  in 
diameter,  are  j)roduced  from  sheet  steel  or  iron.  The  accompany- 
ing illustration  shows  such  a  machine  ready  for  operation.  Tlu* 
welding  transformer  is  at  the  top  of  the  machine,  and  the  second- 
ary circuit  has  for  its  terminals  two  copper  rolls  inclined'.to  each 
other  on  two  nearly  horizontal  shafts  adjustable  in  ])08ition  over 
the  work.  J>elow  are  the  guide  rolls,  one  on  each  aide  on  vertical 
shafts,  an<l  In'tween  these  the  shell  to  be  welded  passes  M'ith  its 
meeting  edges  up[H»rmost  and  in  contact  with  the  copper  contact 
rolls.  As  the  metal  shell  passes  along  under  these  rolls  the  joint 
is  progressively  heated  by  the  welding  current  crossing  it,  and  the 
weld  Is  finished  by  the  side  pressure  of  the  guiding  rolls.  The 
process,  as  well  as  the  resulting  welded  prmluct,  is  unique. 

For  a  considerable  time  ])ast,  welding  machines  have  Ihhmi 
applied  to  the  pnwluction  of  bands  or  tires  from  stock  of  varying 
width,  thickness,  and  sectional  form.  Alore  recently  the  practice 
of  weldiiitr  niain  bands  or  cylindrical  rini^s,  and  afterwards  rollint' 
tbem  with  the  form  of  section  desired,  has  been  largely  adopteil ; 
such  as,  for  exam|)le.  in  the  jn-cwluction  (»f  automobile  wheel  rims, 
bands  for  roving  cans,  stove  rings,  etc. 

Very  different  from  this  is  the  formation  of  cmnkshafts,  now 
demanded   in   irn^ni  numbers  for  engines  of  automobiles.     Thest* 

are  made  from  drop  forgings  an«] 
round  shaft  6toc*k  by  unitinir  th«* 
pieces,  as  in  the  annexeil  sketch, 
and  afttMwards  lightly  machin- 
ing and  tin  idling  the  approxi- 
mately correct  shaft,  as  nroducecl  l»v  wi*ldini£. 

ijesides  the  banding  of  wire  or  stri[>  of  su<*h  comparatively 
frail  containing  vessels  as  barrels  or  pails,  the  electric  weld  linds 
application  in  the  forming  and  cap|>ing  (»f  metal  vessels  for  with- 
standinir  hiirh  pressures,  sut'li  as  soda-water  cylinders,  carbonic 
acid  reservoirs,  and  sltM'l  bottles  for  nitrons  oxide  gas. 

<  )ne  of  the  Uiost  interesting  of  tlu*  more  recent  apidications  is 
that  of  weUHng    hollow  steel    handles  on  cutlery,  such    as  table 
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iiig  the  pieces  and  applying  the  electric  current  and  mechanical 
pressure  are  each  controlled  by  the  operator.  In  other  cases,  such 
as  in  the  welding  of  copper  or  aluminium  wire,  the  machine  is,  at 
least  in  part,  automatic.  The  pressure  is  automatically  applied 
and  the  welding  current  is  cut  off  automatically  upon  the  com- 
pletion of  the  joint;  the  placing  of  the  pieces  in  the  clamps  and 
the  switching  on  of  the  current  is  in  this  case,  manually  per- 
formed. 

In  other,  more  completely  automatic,  types,  particularly 
adapted  for  rapid  repetition  of  the  same  operation  on  identical 
pieces,  the  machine  runs  continuously,  and  its  sequence  of  actions 
is  definitely  determined  by  the  construction.  In  such  cases  a 
source  of  power,  as  by  a  belt,  drives  the  machine,  the  movement 
so  imparted  having  the  effect  of  clamping  the  pieces  as  they  are 
fed  to  the  machine,  putting  on  the  current,  applying  the  pressure, 
cutting  off  the  current  and  releasing  the  pieces. 

The  mechanism  which  has  been  developed  for  these  purposes 
displays,  in  many  instances,  much  ingenuity.  In  these  machines 
the  duty  of  the  attendant  is  limited  to  the  mere  placing  of  the  pieces 
between  the  clamping  jaws,  just  before  they  are  clamped,  and  the 
work  is  characterised  by  rapidity  and  by  uniformity  of  the  results. 

More  completely  automatic  still  are  machines  for  the  produc- 
tion of  wire  fencing  and  for  the  consecutive  welding  of  the  links 
of  chains.  In  these  the  operation,  once  started,  goes  on  uninter- 
ruptedly so  long  as  the  work  holds  out,  or  until  the  stock  under- 
going operation  is  exhausted.  In  the  fence  machines,  of  which 
fifteen  are  now  in  existence,  galvanised  iron  wires  are  fed  from 
reels  parallel  to  one  another,  at  distances  apart  depending  on  the 
mesh  desired.  These  may  correspond  to  the  warp  in  weaving. 
Transversely  to  these,  and  at  intervals  corresj)onding  to  the  mesh 
selected,  are  ft»d  wires,  cut  from  a  reel,  which  transverse  wires  are 
the  verticals  in  the  finished  fence  itself  and  correspond  to  the  weft 
in  weaving.  A  series  of  small  welders  are  automatically  brought 
into  operation  to  weld  eat*h  transverse  wirt^  to  the  longitudinals 
where  the  two  cross.  This  done,  the  web  so  formed  moves  for- 
ward, the  operation  repeats  itself,  and  so  on  continuously.  The 
welding  is,  in  this  case,  practically  instantaneous,  and  M  of  tbo 
wovemeuts?  of  the  machiue  are  entirely  automatic. 
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III  tlua  «iy  it  is  poasibto  for  n  single  inaubiuti  to  turn  out 
lUADV  lliousiiiitis  of  fuot  of  fciicitig;  per  day  with  a  widlli  of  iiiesli 

I  fntiu  2  or  S  iiiRh&s  op.  Lcsa  Mire  is  used  tlian  where  llie  joints 
«tv  made  liy  twiels  or  loojis.  wnd  the  stability  or  fixedness  of  posi- 

1  lion  of  BQch  joiaU  aa  art>  made  is  iimi-li  numi  sisaured. 


.INWEI-DIN-R  M.U 

IfntA.  While  in  moft  i-aaes  of  tflwtriii  welding  tlic  joint 
what  ifl  known  as  a  butt  weld,  with  a  hnrr  <>r  extt.>nsion  of 
rtl  tliti  join!,  which, according  lo  coriditions,  is  fither  allowetl 
I  lit  ivniitin  or  ia  forgtii  down  or  dressed  off,  there  is  no  difficnlty  in 
'  making  Up  wolds  electrivftUy.  mid  soriia  of  tho  reiM^iit  work  of  the 
1  eUxUic  wcWvr  is  of  that  tJiaraylvr.     While,  too,  iho  UMUal  wtflding 
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coiifiTiiH  piii'L-H  of  tliu  siunu  iiictiLl,  as  iron  to  inin,  stwl  to  stiv!,  or  | 
pop|>tT  to  copper,  iroinbiuKtiun  welds  of  different  metala  Rre  inade^ 
with  facility  in  many  oaaea,  ae  when  brass  and  iron  are  united. 
In  tlie  workiriiT  of  Lijrh-cJirhon  stet-le  tlie  usual  prwauiioua 

preveiit   Imrning  or  iiijni'y  lo  tliL*  nietaJ   are,  of  course,  retjriiri-dfl 


but.  on  account  of  m.^  ■icurii.'y  .ii  Jh'hI  euntml,  they  are  man*  i<a«ilj^ 
adopted. 

Cjiiitu  recently  uutuuiutie  cbaiii  welders  huva  been   pnt  i 
use,  and  electrically- wddfd  cliain  work  will  pndiably  eaoa  alUi 
an    inijiortanco    not   Bfciiiid-  to   tbe   other   principal   appllcatiuiJ 
which  have  been  briuUy  dtiiscribed. 
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band  iron,  square  or  roimd  rods  for  bracing,  etc.,  zinc,  coppt*r,  or 
brass;  and  the  weiglit  of  the  metal  must  often  be  calcuhiteil  togi»th(*r 
with  that  of  stiffening  rods,  brac(»s,  etc.  On  this  account  it  is 
necessary  to  have  tables  which  can  be  consulted  for  the  various 
weights. 

TABLES. 

There  is  a  widt*  difference  lx»tween  gauges  in  use,  which  is 
very  annoying  to  those  who  use  sheet  metal  rolled  by  different 
firms  according  to  the  various  gauges  adopted.  It  would  bo  well 
to  do  away  with  gauge  numbers,  and  use  the  micrometer  calii)er 
shown  in  Fig.  1,  which  determines  the  thickness  of  the  metal  by  the 
decimal  or  fractional  imrts  of  an  inch. 


Fijr.  1. 

This  is  the  most  satisfactory  method  for  the  average  mechanic 
who  works  shrct  metal  maiiiifactured  by  firms  using  different 
gauges.  The  tables  on  pages  i\l  to  74  can  be  consulted  when 
occasion  arises. 

SHOP  TOOLS, 

In  allowing  edges  for  si^aniing  and  wiring,  we  must  bear  in 
mind  that  wlieii  a  strain  is  to  be  grooved  by  liand  or  machine  the 
allowance  to  be  madc^  to  the  ijattern  should  conform  tothe  rolls  in 
tluMnachine  or  the  hand  tools  in  us(\  The  edges  of  the  ixitti^m 
are  usually  bent  on  the  sheet-iron  folder,  or  brake,  while  the  seam 
can  be  seamed  or  grooved  with  thc^  hand  groover  or  giant  grooving 
machine.  When^  round  pip' work  is  done  in  lengths  up  to  3  feet, 
th(»  slip  roll  former  is  use(l,  while  s([uani  or  recUingular  pipes  are 
Ix'ut    up  on  the  brake  in  8-foot  lengths.     Wheni  pilJes,  elbows, 
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PART  I. 


The  sheet-metal  worker  of  today  who  wishes  to  succeed  must 
know  far  more  than  was  necessary  years  ago.  There  are  many 
good,  practical  sheet-metal  workers  in  the  trade  who  are  handi- 
capped because  they  are  unable  to  lay  out  the  patterns  that  arise 
in  their  daily  work.  Notwithstanding  the  introduction  of  labor- 
saving  machinery,  the  demand  for  good  workmen  has  increased. 
While  most  sheet-metal  workers  acquire  practical  knowledge  in  the 
shop,  they  lack  the  technical  education  necessary  to  enable  them  to 
become  proficient  as  i)attem  cutters  and  draftsmen.  In  this 
course,  special  attention  is  given  to  the  fundamental  principles 
that  underlie  the  art  and  science  of  imttem  drafting. 

Practical  workshop  problems  will  be  presented,  such  as  arise 
in  everyday  practice,  thus  giving  the  student  the  practical 
exx)erience  that  usually  comes  only  after  long  association  with  the 
trade. 

CONSTRUCTION. 

In  constructing  the  various  articles  made  from  sheet  metal, 
Tarious  gauges  or  thicknesses  of  metal  are  used.  For  all  gauges 
from  No.  20  to  No.  30  inclusive,  we  assume  in  the  develo^jment 
of  the  pattern,  that  we  are  dealing  with  no  thickness,  and  we  make 
no  allowance  for  bending  or  rolling  iu  the  mac^hine.  But  wh(»re 
the  metal  is  of  heavier  gauge  than  No.  20,  allowance  must  be  made 
for  shrinkage  of  the  metal  in  the  bc^nding  and  rolling  oix^rations, 
which  will  be  explained  in  connection  with  development  in  heavy 
sheet-metal  work.  What  has  been  said  about  wiring,  seaming, 
and  transferring  patterns  in  the  Tinsmith's  Course  is  applicable  to 
this  course  also.  It  is  sometimes  th(»  case  that  the  capacity  of  a 
vessel  or  article  must  be  determinwl,  when  the  rules  given  in 
Mensuration  should  be  followed.  When  figuring  on  sheet-metal 
work,  the  specifications  sometimes  call  for  various  metals,  such  as 
galvanized  sheet  iron  or  steel,  planished  iron,  heavy  boiler  plate, 
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which  draw  horizontal  lines  intersecting  the  section  F  at  «  %  a ' ,  a ' , 
and  a ' .  Take  a  tracing  of  the  section  F  with  its  various  inter- 
sections, and  place  it  in  its  proper  position  as  shown  by  F^,  in  the 


—  V  ^        \ 
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3 
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center  of  the  cylinder  B  C  D  E,  allowing  the  section  to  make  a 
quarter  turn,  and  bringing  the  ix)iiits  h'  1/  at  the  top  and  bottom 
on  a  vertical  line,  while  in  the  section  F,  J '  h'  are  on  a  horizontal 
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line.  From  the  various  iiiterseotions  in  F^,  draw  horizontal  lines 
intersectiug  vfrtical  lines  drawn  from  similarly  numbered  inter. 
sections  in  the  plan  A,  as  shown  in  elevation.  A  line  drawn 
tfarongh  thesu  points  will  represent  the  joint  betweun  the  cylinder 
and  prism. 

For  the  development  for  the  prism,  extend  the  line  H I  in  plan 
as  N  K,  npon  which  place  the  stretchout  of  all  the  jxiiuts  contained 
in  tlie  section  F,  as  shown  by  similar  fi^ires  and  letters  on  N  K, 
Through  these  points,  at  right  angles  to  N  K,  draw  lines  which 
intersect  with  lines  drawn  from  similarly  numbered  points  and 
letters  in  plan,  at  right  angles  to  J  I.    Trace  a  line  through  points  'I 

thus  obtained,  and  K  L  M  N  will  be  the  desired  lattem.    To  obtain  I 

the  development  for  the  ojx'ning  in  the  cylinder,  extend  the  line 
D  E  in  elevation  as  S  O,  uj^wn  which  pliice  the  stretchout  of  all  the 
points  contained  in  the  half -circle  A,  as  shown  by  similar  numbers 
and  letters  on  S  O.  At  right  angles  to  S  ()  and  through  these 
points,  draw  lines  intersecting  horizontal  lines  drawn  from  inter. 
sections  having  similar  numbers  and  letters  in  elevation,  thus 
obtaining  the  intersections  shown  by  T  U  V  W,  which  will  be  the 
shajx;  of  the  opening  to  be  cnt  into  one-half  of  the  cylinder. 

In  Fig.  3  is  shown  the  intersection  between  a  hexagonal  and 
quadrangular  prism,  tlie  hexagonal  prism  being  placed  in  elevation 
at  an  angle  of  45°  to  the  base  line.  When  drawing  this  problem 
for  practice,  make  the  height  of  the  quadrangular  prism  4J  inches, 
and  each  of  its  sides  2  inches.  Place  the  hexagonal  prism  at  an 
angle  of  45°  to  the  base  line,  placing  It  in  the  center  of  the 
quadrangnhir  prism  in  elevation  as  shown;  and  inscribe  the  hex- 
agonal  section  in  a  circle  whose  diameter  is  2J  inches.  Let  A 
rt'present  the  plan  of  the  iimidrangular  prism  placed  diagonally  as 
shown,  above  which  draw  the  elevation  B  C  D  E.  In  its  proix-r 
position  and  proj^er  angle,  draw  the  outline  of  the  hexagonal  prism 
aa  shown  by  1'  1'  4'  4';  and  on  1'  4'  draw  the  half  section  as 
shown  by  F,  nnmbering  the  comers  1'  2"  3'  and  4'.  From  the 
corner  1 '  in  the  plan  A,  draw  the  center  line  1 '  4.  Take  a  tracing 
of  the  half  section  F,  and  place  it  as  shown  by  F',  placing  the 
points  1'  4'  in  F  on  the  center  lino  in  F'  as  shown.  From  the 
comers  1, 2, 3,  and  4,  draw  lines  parallel  to  the  w^-nter  line,  intersect. 
K  the  two  sides  of  A  (£  1' and  1' a)  at  2' 3' audi' 4',  as  shown.     From 
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these  intersections  draw  vertical  lines,  which  intersect  by  lines 
drawn  parallel  to  4'  4^  from  comers  having  similar  numbers  in  F, 
thus  obtaining  the  points  of  intersection  1^  2^  3^  and  4^.  Dropping 
vertical  lines  from  the  intersections  on  the  plane  1'  4*  in  elevation, 
and  intersecting  similarly  numbered  lines  in  plan,  will  give  the 
horizontal  section  of  1'  4',  as  shown  by  1**  2**  3°  and  4**. 


For  the  development  of  the  hexagonal  prism,  extend  the  line 
4'  1'  as  shown  by  H  J,  uixju  which  place  the  stretchout  of  twice 
the  nimiber  of  spaces  contained  in  the  half  section  F,  as  shown  by 
similar  figures  on  the  stretchout  line  H  J.  From  these  points,  at 
right  angles  to  H  J,  draw  lines  as  shown,  which  intersect  by  lines 
drawn  at  right  angles  to  the  line  of  the  prism  from  intersections 
1^  to  4^,  thus  obtaining  the  points  of  intersection  1*  to  4*.    Lines 
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trawxi  from  point  to  point  as  ehown  by  J  K  L  H,  will  bo  the 
rwinired  dcveloptnent.  The  shape  of  the  opening  to  be  cut  into  the 
qaadrangular  prism,  is  obtaintid  by  estonding  the  line  D  E  in 
ek-vation  as  N  O.  upon  which  place  the  stretchout  of  one-half 
the  section  A,  wilh  the  various  points  of  intersection,  ns  shown  by 
Bimilar  figures  on  O  N.  At  right  angles  to  O  N  erect  lines  from 
these  points,  wliich  intersect  by  lines  drawn  from  similarly 
nnmbered  intersections  in  elevation  at  right  angles  to  Hie  quad- 
rangnlar  prism,  thus  obtaining  thi-  points  of  interstwtion  1'"  to  4'" 
on  both  sides.     Then  N  O  P  R  will  l>e  the  half  development. 

Fig.  4  shows  the  intersection  bi'tween  two  cylindtTH  of  equal 
diameters  at  right  angles.  Make  the  height  of  the  vertical  cylinder 
3  inches,  that  of  the  horizontal  cylinder  1^  inches,  and  the  diameters 
of  both  2  inches.  Let  A  represent  the  plan  of  the  vertical  cylinder, 
and  B  its  elevation.  Draw  the  plan  of  the  horizontal  cylinder  C, 
shown  in  elevation  by  D  placed  in  the  center  of  the  vertical 
cylinder.  Draw  the  half  section  E  iu  plan  and  divide  it  into 
eqoal  luirts,  as  shown  from  1  to  3  to  1,  In  a  similar  manner  draw 
the  half  setrtion  E'  in  elevation,  which  also  divide  into  the  same 
niunber  of  Spaces  as  E,  reversing  the  nimibers  as  shown. 

The  following  suggestions  are  given  to  avoid  confusion  in 
numbering  the  poiuts  or  comers  of  irregular  or  round  sections  in 
plan  and  elevation.  If  the  half  section  E  were  bent  on  the  line  1-1 
and  turned  upward  towanl  the  reader,  and  we  should  view  this 
section  from  the  front,  the  iwiut  3  wou^d  be  at  the  top,  or,  if  bent 
downward,  would  bo  at  the  bottom;  therefore  the  points  3  and  3  in 
elevation  are  placed  at  top  and  bottom.  Now  if  the  section  E*  in 
elevation  were  bent  on  the  line  3-3  either  toward  or  away  from  the 
reader,  the  point  1  when  looking  down  would  show  on  both  sides  as 
shown  in  plan,  which  proves  both  operations.  No  matter  whether 
the  form  is  simple,  as  here  shown,  or  complicated  as  that  which 
wiH  follow,  the  student  should  use  his  imaginative  i»wer.  Study 
the  problem  well;  clost;  your  eyes  and  imagine  you  see  the  finished 
article  before  you,  or,  failing  in  this,  make  a  rough  model  in  the 
ah^p  or  a  canlboard  model  at  homt%  which  will  Ix'  of  service.  Now 
from  the  intersections  iu  E,  draw  horizontal  lims  intersecting  the 
circle  A  at  1 ',  2'  and  3'  on  both  sides.  From  these  points  erect 
■dicolar  lines  and  intersect  them  with  horizontal  lines  drawn 
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from  similarly  numbered  intersections  in  E^  Lines  traced  through 
these  points  3'  2'  1'  and  1'  2'  3'  will  be  straight  because  both 
bmnches  are  of  equal  diameters. 

For  the  development  of  the  cylinder  D  in  eleyatian,  extend 
the  line  3-3  as  shown  by  F  G,  nix>n  which  place  the  stietchoat  of 
twice  the  nnmber  of  spaces  contained  in  E^,  as  shown  by  similar 
numbers  3"*  to  1°  to  3°  to  1^  to  3^"  on  the  stretchout  line  F  G. 
From  these  points,  at  right  angles  to  G  F,  draw  lines,  and 
intersect  them  by  lines  drawn  paraDel  to  the  cylinder  B  from  similar 
numbers  in  the  joint  line.  Trace  a  line  through  these  fXHnts  in 
the  development,  when  F  G  H  I  will  be  the  desired  shape. 

For  the  opening  to  be  cut  into  the  cylinder  B  to  receive  the 
cylinder  D,  extend  the  base  of  the  cylinder  B  as  shown  by  1*"  1% 
upon  which  place  the  stretchout  of  the  half  circle  A  in  jdan,  as 
shown  by  similar  figures  on  the  stretchout  line  1*^  1*^.  From  these 
points  erect  perpendiculars,  which  intersect  by  lines  drawn  from 
similarly  numbered  intersections  in  elevation  at  right  angles  to  the 
line  of  the  cylinder  B.  Trace  a  line  through  the  intersections 
thus  obtained;  J  K  L  M  will  be  the  shape  of  the  opening. 

Fig.  5  shows  the  intersection  of  two  cylinders  of  unequal 
diameters  at  an  angle  of  45^.  Make  the  diameters  of  the  large  and 
small  cylinders  2  inches  and  IJ  inches  respectively;  the  height  of 
the  large  cylinder  3  inches;  and  the  length  of  the  small  cylinder 
measured  from  its  shortest  side  in  elevation,  1  inch,  placed  at  an 
angle  of  45'  in  the  center  of  the  cylinder  B.  A  represents  the 
plan  of  the  large  cylinder  struck  from  the  center  a  and  shown  in 
elevation  by  B.  Draw  the  outline  of  the  small  cylinder  C  at  its 
proper  angle,  and  place  the  half  section  D  in  its  position  as 
shown ;  divide  it  into  a  number  of  equal  spaces,  as  shown  from 
points  1  to  5.  Through  the  center  a  in  plan,  draw  the  horizontal 
line  a  5;  and  with  J  as  a  center  describe  a  duplicate  of  the  half 
section  D  with  the  various  points  of  intersection,  as  shown  by  EM, 
placing  the  points  1  and  5  on  the  horizontal  line  a  5.  From  the 
intersections  in  ly  draw  horizontal  lines  intersecting  the  large 
circle  A  at  3'  to  3 '  as  shown,  from  which  points  erect  jjerjj^fndicular 
lines;  intersect  them  by  lines  drawn  parallel  to  the  lim*  of  the 
smaller  pipe  from  similarly  numbered  intersections  in  D.    A  line 
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traced  through  the  points  thus  obtained  will  represent  the  inter- 
Bection  or  miter  joint  between  the  two  pipes. 

These  same  principles  are  applicable  no  matter  what  diameters 
the  pipes  have,  or  at  what  angle  they  are  joined,  or  whether  the 


pipe  is  placed  as  shown  in  plan  or  at  one  side  of  the  center  line. 

For  the  development  of  the  small  cylinder  extend  the  line  5-1 

in  elevation  as  shown  by  F  E,  upon  which  place  the  Btretchoat 
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of  the  circle  D*  in  plan,  or  twice  the  amonnt  of  D  in  elevation, 
as  shown  by  similar  figures  on  the  stretchout  line  F  E.  At  right 
angles  to  F  E  and  through  these  small  figures,  draw  lines  which 
intersect  with  lines  drawn  at  right  angles  to  the  lines  of  the 
small  cylinder  from  similarly  numbered  intersections  in  the 
miter  line  in  elevation.  Trace  a  line  through  the  points  thus 
obtained;  E  F  G  will  be  the  development  for  the  cylinder  C. 

To  obtain  the  opening  in  the  large 
cylinder  extend  the  lines  of  the  large 
cylinder  in  elevation  as  shown  at  the  base 
by  H  J,  upon  which  place  the  stretchout 
of  the  intersections  contained  in  the  circle 
A,  being  careful  to  transfer  each  space 
separately  (as  they  are  imequal)  to  the 
stretchout  line  H  J.  Through  these  points 
and  at  right  angles  to  H  J  erect  lines  which 
intersect  with  horizontal  lines  drawn  from 
similar  points  in  the  miter  line  in  elevation 
A  line  traced  through  the  points  thus 
obtained,  as  shown  by  K  L  M  N,  will  be 
the  desired  development. 

Fig.  6  shows  the  intersection  between 
a  quadrangular  prism  and  sphere,  the  center 
of  the  prism  to  come  directly  over  the  center 
of  the  sphere.  Make  the  diameter  of 
the  sphere  2^  inches,  the  sides  of  the 
prism  1|  inches,  and  the  height  from  f 
to  <? '  2|  inches.  Draw  the  elevation  of  the 
sphere  A  which  is  struck  from  the  center 
a,  from  which  erect  the  perpendicular  a  h.  With  any  point,  as  c, 
as  a  center  and  using  the  same  radius  as  that  used  for  A,  describe  the 
plan  B.  Through  c  draw  the  two  diagonals  at  an  angle  of  45°,  and 
draw  the  plan  of  the  prism  according  to  the  measurements  given. 
Now  draw  the  elevation  of  the  prismy^'  and/*'  c,  the  sides  of  the 
prism  intersecting  the  sphere  at  c  and  c ' .  From  either  of  these  points 
draw  a  horizontal  line  intersecting  the  center  line  ah  eX  d.  Then 
using  a  as  a  center  and  a  d  b&  the  radius,  describe  the  arc  e  e ' 
intersecting  the  sides  of  the  prism  extended  at  e  and  e^  \f  e  e'  f 


Fig.  6. 
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will  be  the  development  for  one  of  the  sides  of  the  prism.    In 
practice  the  four  sides  are  joined  in  one. 

Fig.  7  shows  the  intersection  of  a  quadrangular  prism  and 
sphere  when  the  center  of  the  prism  is  placed  to  one  side  of  the 
center  of  the  sphere.  Make  the  diameter  of  the  sphere  the  same 
as  in  the  preceding  figure;  through  x  in  the  plan  draw  the  45° 
diagonal,  and  make  the  distance  from  a?  to  A  ^  inch,  the  sides  of 
the  prism  1  inch,  and  the  height  from  E  to  c  in  elevation  IJ  inches. 

Having  drawn  the  elevation  and  plan  of 
the  sphere,  construct  the  plan  of  the  prism 
as  shown  by  A  B  C  D.  Parallel  to  the 
center  line  x  y  project  the  prism  in  eleva- 
tion intersecting  the  sphere  at  a  and  c. 
Now  since  the  center  of  the  sphere  is  on 
one  of  the  diagonals  of  the  prism  in  plan, 
either  two  of  the  sides  meeting  at  one  end 
of  that  diagonal,  as  B  C  and  C  D,  will  be 
alike,  and  both  will  be  diflFerent  from  the 
other  two  sides  A  B  and  A  D,  meeting  at 
the  opixjsite  end  of  the  diagonal.  There- 
fore the  line  F  «  in  elevation  will  be  used 
in  obtaining  the  development  of  D  O  in 
l^lan,  while  the  line  E  c  will  be  used  in 
obtaining  the  develo^Dment  for  the  tWb 
sides  D  A  and  A  B  in  plan. 

Now  from  a  draw  a  horizontal  line 
intersecting  the  center  line  x  y  eX  h; 
and  using  y  as  a  center  and  yhba  the 
radius,  describe  the  arc  G  H  intersecting 
the  sides  of  the  prism  extended  to  G 
and  H.  Th(»n  E  F  G  H  is  the  developnunit  for  each  side  of  the 
prism  shown  in  plan  by  D  C  and  C  B.  In  a  similar  manner,  from 
the  intersection  c  in  elevation  draw  a  horizontal  line  intersecting 
the  center  line  x  y  at  d.  Then  using  y  as  center  and  ydaa  radius, 
describe  an  arc  intersecting  the  sides  of  the  prism  at  e  andy!  E 
Ffe  will  show  the  development  for  either  side  of  the  prism  shown 
in  plan  by  D  A  and  A  B.  By  connecting  the  points  G  and  /  it 
will  be  foimd  that  the  line  is  a  true  horizontal  line,  which  proves 


Fig.  7. 


lao 


>  tlevdoiJinoitte.  Should  tli*»  pltui  of  tin-  prism  U^  so  plaoed 
row  tliu  Bplien;  that  all  sidc^  wonld  be-  diffi^rcat.  tlifii  two  i-lt-vutious 
1  vronld  bo  ntiatssuiy  so  that  llii-  iiiWrsii'tions  i>f  iill  the  sidt-s  coiild 
I  U*  shown. 

Developments  by  Trtangulation.     lu  dcvi 'lulling  gbeet-DR-tid 

wiirk  of  im.'gular  foruis,  iJatttms  un-  rt'cjiiin-d  which  cauiiot  ho 

lif^'lopL-d  by  eilhtT  l.h*-  pnritUcl  or  nulird-liin?  nii^thods.     These 

1  invgular  shnix^  arc  so  fonn«l  that  although  straight  lines  am  be 

drawu  npon  tht-iii  Iho  Hues  would  not  run  iwinillt-l  to  oni-  another. 

i'  nor  would  they  nil  incline  to  n  common  renter.     In  thf  uitthods 

ptvviously  dt^scribfd,  the  lines  in  jtunillel  develoiimL^ita  nin  parallel 

I  to  ou«  another,  while  iu  radial-line  developments  all  the  linus  meet 

I  at  a  common  center.     Hence  in  the  development  of  any  irregular 

I  artick%  it  becomes  nect-esary  to  drop  all  previous  methods,  and 

simply  proceed  to  meaenre  up  the  surface  of  the  irregular  form, 

imt  by  jKtrt,  and  then  add  one  to  another  until  the  entire  surface 

!,  i»  developed.      To  accomplish   this,   one  of   the  simplest  of  all 

1  gi/ometriwd  problems  is  made  use  of  and  shown  in  Part  II  of 

Mwhaiiieal  Drawing,  Plaft'  V,  Problem  H,  entitlwl  "To  coustruet 

n  triangte  haring  given  the  three  sidps."    To  carry  out  this  method 

I  it  is  necessary  only  to  divide  the  surfac*?  of  the  plan  or  elevation 

'  of  any  irregular  urtioie  into  a  numbiT   of  equal  parts,     Use  the 

'  distances  in  plan  as  the  bases  of  the  triangles,  and  the  dlsluiices  in 

elevation  as  the  altitudes  or  heights  of  the  triai^les.or  rice  versa; 

and  then  find  the  hyjxtthenuse  by  connecting  the  two  given  lengths. 

To  illustrate  this  simple  principle  Fig-  8  has  been  prei)ared. 

Li-t  A  B  0  D  represt^nt  the  plan  of  a  plane  snrface,  shown  iu 

I  elevation  by  A'  B'-     We  know  that  the  true  length  of  the  plune 

!  is  equal  to  A'  B'  and  the  trne  width  is  equal  to  A  D  or  B  C  in  plan. 

jl  We  also  know  that  the  vertical  height  from  the  bottom  of  the  plane 

A'  to  the  top  B'  is  e<iual  to  B'  &  as  shown.     But  suppose  we  want 

to  obtain  the  true  length  of  the  diagomil  line  B  D  in  plan  on  the 

dvvirlopetl  plane.     Tu  obtain  this  it  will  K>  necessary  oidy  to  take 

the  length  of  B  D,  place  it  from  />  to  D',  and  draw  a  line  as  shown 

froai  B'  to  D',  which  is  the  length  d.-sired. 

Wbfle  this  may  look  very  simple,   it  Is  all  that  there  is  to 
piNtion,  and  if  the  stndent  thoroughly  understands  the  simple 
1  stndios  the  problems  which  will  follow,  he  will  have 
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no  trouble  in  applying  this  principle  in  complicated  work.  T 
make  it  still  clearer  we  will  prove  the  length  of  the  line  B^  D 
Take  the  distance  of  A^  B^,  place  it  in  plan  as  stown  by  A  B^  an 
complete  the  rectangle  A  B*  C^  D.  Draw  the  diagonal  B*  D,  bein 
tlie  length  sought,  which  will  be  fomid  to  equal  B^  D^  in  elevatioi 
When  drawing  this  problem  in  practice,  make  the  plan  4  by  6  inchc 
and  the  vertical  height  in  elevation  5  inches. 

In  obtaining  developments  by  triangulation.  the  student  shoul 
ase  all  of  his  concept ive  powe^  as  previously  explained.    Befoi 

making  any  drawing,  he  mm 
see  the 'article  before  him  in  hi 
mind's  eye,  so  to  speak,  befoi 
he  can  put  it  down  on  pape: 
Therefore  we  want  to  impre£ 
upon  the  student  the  necessity  c 
drawing  all  the  problems  that  wi 
follow  in  this  part  and  in  the  Prac 
tical  Workshop  Problems.  1 
should  be  understood  that  tr 
angulation  is  not  given  as  a 
alternative  method,  but  is  use 
when  no  other  method  can  b 
emj^loyed,  and  without  it  no  true  i)atk^m  could  be  obtained  fc 
these  irregular  shajx^s;  hence  the  necessity  of  close  study. 

In  Fig.  9  is  shown  an  irregular  solic  whose  ,base  and  top  ar 
triangles  crossing  each  other,  and  in  which  the  principle  jus 
explained  will  be  put  to  practical  test  Inscribe  the  triangle 
shown  in  i^lan  in  a  circle  whose  radius  is  equal  to  a  1,  or  1 J  incbei 
and  make  the  height  of  the  article  in  elevation  2  inches.  Th 
dotted  triangles  1  2  3  in  plan  represent  the  section  of  the  article  o 
the  line  2-3  in  elevation:  and  the  solid  triangle  1^  2^  3^  in  plan,  th 
section  on  the  line  2^  3^  in  elevation.  Now  connect  the  two  section 
in  plan  by  drawing  linens  from  1  to  2^  and  to  3^  from  2  to  2^  and  t 
1^  and  from  3  to  1^  and  to  3^  In  a  similar  manner  connect  th 
points  in  elevation  as  shown.  It  now  becomes  necessary  to  obtai 
a  triangle  giving  the  true  length  of  the  lines  connecting  th 
comers  of  the  triangle  in  plan,  and  as  all  of  these  lines  are  equa 
only  one  triangle  is  necessary.     Therefore  take  the  distance  froB 
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1  to  2*  in  plan  and  place  it  on  the  line  3-2  extended  in  elevation, 
as  shown  from  2  to  1°,  and  draw  a  line  from  1°  to  2\  which  is  the 
desired  length. 

For  the  pattern,  proceed  as  is  shown  in  Fig.  10.  Take  the 
distance  of  any  one  of  the  sides  in  the  triangle,  as  1-2  in  Fig.  9, 
and  place  it  on  the  horizontal  line  a*  elevation  ^ 
1-2  in  Fig.  10.    Then  using  1  and     ^  ^  ^ 

2  as  centers,  with  1°  2^  in  elevation 
in  Fig.  9  as  radius,  describe  the 
arcs  in  Fig.  10  intersecting  each 
other  in  2^.  Then  1  2  2^  will  be 
the  pattern  for  one  of  the  sides 
shown  in  plan  in  Fig.  9  by  1  2  2^. 
Proceed  in  this  manner  in  Fig.  10 
as  shown  by  the  small  arcs;  or  a 
tracing  may  be  taken  of  the  one 
side  1  2  2^,  and  traced  as  shown 
until  six  sides  are  obtained,  which 
will  be  the  full  pattern  and  which 
is  numbered  to  colrespond  to  the 
numbers  in  plan. 

In  Figs.  11, 12,  and  13  are  shown  the  methods  used  in  develop, 
ing  a  scalene  cone.  The  method  of  obtaining  the  development  of 
any  scalene  cone,  even  though  its  base  is  a  perfect  circle,  is  governed 
by  the  same  principle  as  employed  in  the  last  problem  on  triangu- 


Fig.  9. 


Fig.  10. 

lation  It  is  well  to  remember  that  any  section  of  a  scalene  cone 
drawn  parallel  to  its  base  will  have  the  same  shape  (differing  of 
course  in  size)  as  the  base.    This  is  equally  true  of  articles  whose 
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bases  are  in  the  shape  of  a  sqiiare,  rectangle,  hesagon,  octagon,  or 
liny  other  jwlygon.  What  has  just  been  explained  will  be  provm 
in  connection  with  Fig.  11,  in  which  ABC  represents  a  sidts 
cleviition  of  a  scalene  cone,  whose  plan  is  shown  by  1  4'  7  4  C. 
Draw  any  horizontal  line,  as  A  D,  on  which  set  off  the  distauctfl 


A  B  oqnal  to  3  inches  and  B  D  ctiual  to  2J  inches,  and  the 
vertical  height  D  C  equal  to  4^  inches.  Draw  lines  from  B  and 
A  to  C,  which  completes  the  elevation.  In  its  proper  position 
below  the  line  A  B,  draw  the  i)]aii  of  A  B  as  1  4  7  4'  stmck  from 
the  center  C.     Through  C  draw   the   horizontal  line    0  C,  and 
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intersect  it  by  a  vertical  line  drawn  from  the  apex  C  in  elevation, 
thus  obtainiug  the  apex  C  in  plan.  Draw  lines  from  4  and  4^  to  C\ 
which  completes  the  plan. 

As  both  halves  of  the  scalene  cone  are  Bymmetrical,  it  is 
necessary  only  to  divide  the  half  plan  14  7  into  a  number  of  eqaal 
spaces  as  shown  by  the  small  figures  1  to  7,  and  from  ixiints 
thns  obtained  draw  railial  lines  to  the  apes  C^.  Then  these  lines 
in  plan  will  represent  the  bases  of  triangles  which  will  be  con- 
stnicted,  whose  altitudes  are  all  equal  to  D  C  in  elevation.  There- 
fore  in  Fig.  12  draw  any  horizontal  line,  as  A  B,  and  from  any 
point,  as  C,  erect  the  perpen- 
dicular line  C  C  equal  in 
height  to  D  C  in  Fig.  11. 
Now  from  C^  in  plan  take  the 
various  lengths  of  the  lines  1 
to  7  and  place  them  on  the 
line  A  B  in  Fig.  12,  measur- 
ing in  every  instance  from 
the  point  C,  thus  obtaining 
the  intersections  1  to  7,  from 
which  lines  are  drawn  to  the 
apex  C,  Then  these  lines  will 
represent  the  true  lengths  of 
similarly  numbered  lines  in 
plan  in  Fig.  11. 

For  the  pattern  ijroceed  as  is  shown  in  Fig.  13.  With  C  as 
center  and  radii  equal  to  C  7,  6,  5,  4,  etc.,  in  Fig.  12,  describe  the 
arcs  7-7,  6-6,  5-5,  4-4,  etc.,  in  Fig.  13  as  shown.  Now  assuming 
that  the  seam  is  to  come  on  the  short  side  of  tlie  cone,  as  C  B  in 
Fig.  11,  set  the  dividers  equal  to  one  of  the  ecimd  siKwrcs  in 
the  plan;  and  starting  on  the  arc  7-7  in  Fig.  13,  step  from  arc  7  to 
arc  6,  to  arcs  5,  4,  3,  2,  and  1,  and  then  eontinne  to  arcs  2,  3,  etc.. 
up  to  7.  Trace  a  line  through  these  intersections  as  shown  by 
7-1-7,  and  draw  lines  from  7  and  7  to  C,  which  completes  the 
pattern. 

Now  to  prove  that  any  section  of  an  oblique  or  scalene  cone 
cat  parallel  to  its  base,  has  a  similar  shape  to  its  base  (differing  in 
size),  draw  any  line  as  a  &  in  Fig.  11  parallel  to  A  B.    From  C  in 
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plaii  erect  a  vertical  line  intersecting  the  base  line  A  B  at  f/,  fro 
which  draw  a  line  to  the  apex  C,  cutting  the  line  a  I  at  e.  Th( 
the  distances  e  a  and  e  h  will  be  eqnal ;  and  using  e  as  a  center  ai 
<'  6  as  radius,  describe  the  circle  a  fh  i,  which  is  the  true  secti< 
on  a  h.  Then  «  i  B 
will  be  the  frustum  ■ 
a  scalene  ccne.  Estei 
the  line  a  h  paralk-l 
A  D,  cutting  thediagra 
of  triangles  in  Fig.  '. 
tiom.a  to  h.  Then  irii 
radii  equal  to  the  <li 
tanoes  from  C^  to  tl 
various  intersections  < 
the  line  a  J,  and  nsu 
C  in  Fig,  I'd  as  centi 
intersect  similarly  nm 
bered  radial  lines  drav 
"Pj  ^  from  7  to  1  to  7  to  tl 
apex  C.  A  liny  ttaci 
as  shown  from  T  to ! 
to  7'  will  be  the  dc-sin 
cnt,  and  7-7-T-7'  w 
be  the  pattern  for  t! 
fnistimi.  The  priictio 
use  of  this  nietlicd 
shown  in  diag:ani  V 
Fig.  11;  a'  is  the  fni 
turn  of  the  oblique  con 
on  the  ends  of  which  a 
romiected  round  pip 
h'  and  c'. 

It  is  shown  in  Fig.  11  how  in  iiii  irR'gular  solid  whose  base 
square  and  to^i  is  round,  both  toji  iind  bottom  on  horizontal  plan< 
are  d.'veloix-d.  The  corners  in  pliin  F  I!  G,  G  C  H,  H  D  E  ar 
E  A  F  should  bt'  considered  as  sections  of  scalene  cones.  Procec 
by  drawing  th(,'  plan  A  B  0  D  3.^  inches  squnn',  which  represents  tl 


SHEET-METAL  WORK 


21 


plbn  of  the  base  of  the  article;  and  the  circle  E  F  G  H  2^  inches 
in  diameter,  which  shows  the  plan  of  the  top  of  the  article;  the 
vertical  height  to  be  3  inches,  shown  from  a  to  5.  As  the  circle  is  in 
the  center  of  the  square,  making  the  four  comers  symmetrical,  it  is 
necessary  only  to  divide  the  one-quarter  circle  into  a  number  of 
equal  parts  as  shown  by  the  small  figures  1,  2,  2,  3,  from  which  draw 
lines  to  the  apex  B.  Complete  the  elevation  as  shown  by  IJ  K  L. 
Now  using  B  as  center,  and  radii  equal  to  B  1  and  B  2  in  plan, 
describe  arcs  intersecting  A  B  at  1'  and  2'  as  shown.  From  these 
points  erect  perpendiculars  intersecting  the  top  of  the  article  I  J 


Fig.  15. 

in  elevation  at  1'  and  2",  from  which  draw  lines  to  K.  Then  K  1" 
and  K  2'  will  be  the  true  lengths  of  the  lines  shown  in  plan  by 
B  1  and  B  2  respectively  on  the  finished  article. 

For  the  half  pattern  proceed  as  follows:  In  Fig.  15  draw  any 
horizontal  line,  as  A  B,  equal  in  length  to  A  B  in  plan  in  Fig.  14. 
Now  with  K  1'  as  radius  and  A  and  B  in  Fig.  15  as  centers,  describe 
arcs  intersecting  each  other  at  1  From  1  drop  a  vertical  line 
intersecting  A  B  at  K.  Then  1  K  should  equal  J  K  in  elevation 
in  Fig.  14,  which  represents  the  true  length  through  G  N  in  plan. 
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Now  with  radii  equal  to  K  1'  and  K  2'  in  elevation,  and  with  B  in 
Fig.  15  as  center,  describe  the  arcs  1-1'  and  2-2'.    Now  set  the 
dividers  equal  to  one  of  the  spaces  in  G  P  in  plan  in  Fig.  14;  and 
starting  at  1  in  Fig.  15,  step  oflF  arcs  having  similar  numbers  as 
shown  by  1,  2,  2',  1'.    Now  using  1  B  as  radius,  and  1'  as  center, 
describe  the  arc  B  C,  and  intersect  it  by  an  arc  struck  from  B  as 
center  and  with  B  A  as  radius,  as  shown  at  C.    Take  a  tracing  of  1 
B  1'  and  place  it  as  shown  by  1'  CI*'.    Now  connect  the  various 
intersections    by    drawing    lines    from    1    toA    toBtoCto 
l*'  tol'  to  1,  which    completes  the  half  pattern.    The  triangu- 
lar  pieces  1  A  B  or  1 '  B  C  will  represent  the  flat  sides  of  the 
article  shown  in  plan  by  1  A  B  or  3  B  C  respectively  in  Fig.  14; 
and  the  cone  patterns  1-1 '  B  and  1-1*  C  in  Fig.  15,  the  sections  of 
the  scalene  cones  1-3-B  and  H-G-C  respectively  in  plan  in  Fig.  14. 
This  same  rule  is  applicable  whether  the  top  opening  of  the  article 
is  i)laced  exactly  in  the  center  of  the  base  or  at  one  side  or  comer. 
Various  problems  of  this  nature  will  arise  in  Practical  Workshop 
Problems;  and  if  the  principles  of  this  last  problem  are  thoroughly 
understood,  these  will  be  easily  mastered. 

Approximate  Developments.  In  developing  the  blanks  or 
patterns  for  shoct-metal  work  which  requires  that  the  metal  be 
hammeriHl  or  raised  by  hand,  or  passed  between  male  and  female 
dies  in  foot  or  power  presses,  circular  rolls,  or  hammering  machines, 
the  blanks  or  x^attems  are  din^cloix^d  by  the  approximate  metliod, 
because  no  accurate  pattern  can  be  obtained.  In  all  raisexl  or 
pressed  work  in  sluH^t  UK^tal,  more  depends  upon  the  skill  that  the 
workman  has  with  the  hammer,  than  on  the  piittems,  which  are  but 
approximate  at  thcnr  best.  While  this  is  true,  it  is  equally  true 
that  if  tlie  workman  understands  the  scientific  rule  for  obtaining 
tlu^se  approximate*  patterns  a  vast  amount  of  time  and  labor  can  bt* 
savt»d  in  bringing  tluj  metal  to  its  pro^jer  profile.  If  the  true  rule 
for  averaging  the  various  shaix^s  and  profiles  in  circular  work  is  not 
understood,  tlu>  rc^sult  is  that  the  blank  has  either  too  little  or  too 
tijreat  a  fiare  and  will  not  form  to  its  proper  profile  and  curve. 
Bt^fore  procec^ling  to  describe  the  ai)proximate  development 
methods,  attention  is  called  to  the  gov(»ming  principle  underlying 
all  such  oj^iTations.  We  have  pn^viously  shown  how  the  patterns 
are  dt^veloixnl  for  simple  flaring  ware;    in  other  words,  how  to 
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develop  the  frustum  of  a  cone.  The  patterns  for  curved  or  any 
other  form  of  circular  or  hammered  work  are  produced  upon  the 
same  principle.  The  first  illustration  of  that  principle  is  shown  in 
Fig.  16,  in  which  A  B  C  D  represents  a  sphere  3  inches  in  diameter 
composed  of  six  horizontal  sections,  struck  from  the  center  a. 


Pig.  16. 

Divide  the  quarter  circle  A  C  into  as  many  parts  as  there  are 
sections  required  in  the  half  sphere  (in  this  case  three),  and  draw 
horizontal  lines  through  the  ball  as  shown.  The  various  radii  for 
the  patterns  are  then  obtained  by  drawing  lines  through  C  J,  J  e, 
and  0  A.    Thus  0  h  extended  meets  the  center  lino  E  D  at  e,  which 
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is  the  center  for  striking  the  blank  for  number  3,  using  the  radii 
e  h  and  e  0.  In  similar  manner  draw  a  line  from  h.  to  e,  extending 
it  until  it  meets  E  D  at  d.  Then  d  c  and  d  h  will  be  the  radii  for 
blank  number  2,  while  A  c  is  the  radius  for  blank  1  shown  at  S 
The  lengths  of  the  pattern  pieces  are  determined  in  the  same 
manner  as  would  be  the  case  with  an  ordinary  flaring  pan  in 
producing    the    patterns   for    tin  ware,    and  will  be    explained 
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PLAN 


Fig.  17. 


thoroughly    in    the    Practical   Workshop  Problems    which    will 
shortly  follow. 

In  Fig.  17  is  shown  another  elevation  of  a  sphere  composed  of 
twelve  vertical  sections  as  shown  in  plan  view.  While  the  method 
used  for  obtaining  the  pattern  is  by  means  of  parallel  lines,  and 
would  be  strictly  accurate  if  the  sections  in  plan  remained  straight 
oS  from  4  to  4,  the  pattern  becomes  approximate  as  soon  as  we  start 
to  raise  it  by  means  of  machine  or  hammer  to  conform  to  the  profile 
B  in  elevation,  because  the  distance  along  the  curve  a  from  4'  to  4' 


MO 


SHEET-METAL  WORK 


25 


ill  plan  is  greater  than  a  straight  distance  from  4  to  4.  The  pattern 
by  this  method  is  obtained  as  follows:  Let  B  represent  the  elevation 
of  the  sphere,  and  A  the  plan  of  the  same,  which  is  divided  into  as 
many  sides  as  the  sphere  is  to  have  vertical  sections,  in  this  case 
12,  being  careful  that  the  two  opposite  sides  4-4  and  4'  4'  in  plan 
run  parallel  to  the  center  line  as  shown.    Make  the  diameter  of  the 

,P  sphere  4-4 "  3  inches. 

Divide  the  half  ele- 
vation into  an  equal 
number  of  spaces  as 
shown  from  1  to  4  to 
1,  and  from  these 
points  drop  lines  at 
right  angles  to  4-4' 
intersecting  the  mi- 
ter lines  1-4  in  plan 
as  shown.  Now  draw 
any  horizontal  line, 
as  1 '  -1 ',  upon  which 
place  the  stretchout 
of  1^-1  in  elevation 
as  shown  by  l'-4'- 
1'  onthelinel'-l' 
inC.  Through  these 
points  draw  lines  at 
right  angles  to  1'- 
1',  which  intersect 
by  lines  drawn  from 
similarly  nmnbered 
intersections  on  the 
Fig.  18.  miter  lines   1-4   in 

plan,  at  right  angles  to  4-4.  A  line  traced  through  jpoints  thus 
obtained  as  shown  by  C  will  be  the  desired  pattern. 

In  Fig.  18  is  shown  the  principle  used  in  obtaining  the  radii 
with  which  to  develop  the  blank  for  a  curved  or  circular  mould 
when  it  is  to  be  hammered  by  hand.  In  this  connection,  only  the 
principle  employed  will  be  shown,  leaving  the  full  development  and 
also  the  development  for  patterns  which  are  to  be  raised  by  hand 
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and  hammered  by  machine,  to  be  explained  in  problems  which  will 
follow  in  Practical  Workshop  Problems.  Draw  this  problem  double 
the  size  shown.  First  draw  the  elevation  A  B  0  D,  and  through 
the  elevation  draw  the  center  line  P  G.  Then  using  G  as  a  center, 
draw  the  circles  A^  B^  and  C^  D^  representing  respectively  the 
horizontal  projections  of  A  B  and  0  D  in  elevation.  Now  draw  a 
line  from  A  to  E  in  elevation,  connecting  the  comers  of  the  cove 
as  shown.  Bisect  A  E  and  obtain  the  point  H,  from  which  at  right 
angles  to  A  E  draw  a  line  intersecting  the  cove  at  J.  Through  J 
parallel  to  A  E  draw  a  line  intersecting  the  center  line  F  G  at  M. 
Take  the  stretchout  from  J  to  A  and  from  J  to  E  and  place  it  on 
the  line  J  M  as  shown  respectively  from  J  to  L  and  from  J  to  K. 
Then  will  M  L  and  M  K  be  the  radii  with  which  to  strike  the 
pattern  or  blank  for  the  cove.  From  J  drop  a  vertical  line  intersect- 
ing the  line  D^  G  in  plan  at  N.  Then  with  G  as  center  strike  the 
quarter  circle  N  O.  Now  using  M  as  center  and  M  J  as  radius, 
strike  the  arc  J  P.  Then  on  this  arc,  starting  from  J,  lay  off  4  times 
the  stretchout  of  N  O  in  plan  for  the  full  pattern.  It  should  be 
understood  that  when  stretching  the  cove  A  E,  the  point  J  remains 
stationary  and  the  metal  from  J  to  L  and  from  J  to  K  is  hammered 
resjx^ctively  toward  J  A  and  J  E.  For  this  reason  is  the  stretchout 
obtained  from  the  ix)int  J. 

PRACTICAL  WORKSHOP   PROBLEMS. 

In  presenting  the  32  problems  which  follow  on  sheet-metal 
work,  practical  problems  have  been  selected  such  as  would  arise  in 
every-day  shoj)  practices 

In  this  connection  we  wish  to  im- 
press upon  the  student  the  necessity  of 
working  out  each  and  every  one  of  the 
32  probhnns.  Models  should  be  made 
from  stiff  cardboard,  or,  if  agreeable  to 
the  i^roprietor  of  the  shojD,  the  patterns 
can  be  develojxMl  at  home,  then  cut  out 
of  scrap  metal  in  the  shop  during 
lunch   hour,  and  iDroven   in   this  way. 

Our  first  i)roblem  is  shown  in  Fig.  19,  and  is  known  as  a  sink 
drainer.    It  is  often  the  case  that  the  trap  under  the  kitchen  sink 
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is  choked  or  blocked,  owing  to  a  collection  of  refuse  matter.  To 
avoid  this  a  sink  drainer  is  used,  and  is  fastened  in  position  through 
the  wire  looi)8  a,  h  and  c.  The  refuse  matter  is  poured  into  the 
drainer,  from  which  it  is  easily  removed  after  the  fluid  has  passed 
through  the  perforations.  These  drainers  may  be  made  of  tin  or  of 
black  or  galvanized  iron,  but  where  a  good  job  is  wanted  16-ounce 
copper  should  be  used.    To  obtain  the  pattern  for  any  sized  drainer, 

proceed  as  follows:  First  draw  the 
plan  of  the  drainer  A  B  C  in  Fig.  20, 
making  A  B  and  B  C  each  two  inches 
and  forming  a  right  angle.  Then 
using  B  as  center  and  A  B  as  radius, 
draw  the  arc  A  C.  In  its  proper  posi- 
tion above  the  plan  construct  the  side 
elevation,  making  E  D  2  inches  high, 
and  draw  the  line  F  D.  Then  will 
F  E  D  be  the  side  elevation.  Divide 
the  arc  A  C  into  equal  spaces  as  shown 
by  the  small  figures  1  to  5.  For  the 
pattern  use  F  D  as  radius,  and  with 
D  in  Fig.  21  as  center  strike  the  arc 
1  5.  From  1  draw  a  line  to  D  and 
step  off  on  1-5  the  same  number  of 
spaces  as  contained  in  A  C  in  plan  in 
Fig.  20,  as  shown  by  similar  figures 
in  Fig.  21.  Draw  a  line  from  5  to  D. 
Then  will  1-5-D  be  the  imttem  for 
the  front  of  the  strainer,  in  which  per- 
forations should  be  punched  as  shown. 
Fig.  20.  To  join   the   sides  of    this   imttem, 

use  1  and  5  as  centers,  and  with  either  F  E  or  A  B  in  Fig.  20  as 
radius,  describe  the  arcs  E  and  E^  in  Fig.  21.  Now  using  D  as 
center  and  D  E  in  Fig.  20  as  radius,  intersect  the  arcs  E  and  E^  as 
shown  in  Fig.  21.  Draw  lines  from  1  to  E^  to  D  to  E  to  5,  which 
completes  the  pattern,  to  which  edges  must  be  allowed  for  wiring 
at  the  top  and  seaming  at  the  back. 

When  joining  a  faucet  or  stop  cock  to  a  sheet-metal  tank  it  is 
usual  to  strengthen  the  joint  by  means  of  a  conical  *'boss,"  which 
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is  ititlimU'tl  by  A  in  Fig.  22.  In  this  {ffoUem  tlu;  cooe  mtrthol  is 
i-Diplov'-fl,  o-sing  priociples  similar  to  those  need  in  dewlopinv  a 
frustum  of  a  cone  intersectai  by  any  line.    Therefore  in  Fig.  23  Irf 


Fig.  21. 
A  }i  n^prcficiit  t>U!  iNirt  plaii  of  thu  t<mk,  C  portion  of  the  faucet 
cxtiTifliiig  iNK-k  lo  tho  tiink  lim-,  and  F  G  H  I  the  conical  "boss" 

fo  fit  Jirouiid  «  faurct.     Wh^n 

(IrjiwiuH  this  proMnii  nmkn  llii^ 

nidiiis   o£  tlif  tank  U  A  ((lual 

to  li^  iii»-h<-s,  jiiid  from  0  draw 

tl..-    v.Tti.-al    lino    T>  Y..      Mak<! 

llic  distance  from  G  to  H  cqiml 

to  2:1  i'""li''«i  ""■  diainc-tcr  of  the 

fjiuc't   yi  li   in<-ln-3  and   the 

v<Tti<-i,l  iK'iglit  KC  IJ  iiiolR-3 

Draw  a  lini-  from  (r  to  H  infcr- 

avci'iim  till!  ci  iitiT line  D  E  at  K, 

Tin  11  using  K  aH  wntt'rdtwribe 

tlii^     liidf    N'l-tion    G   J   H    as 

sliown.     Dividi-  J  H  into  I'ljual 

IwirtH  shovs-ii  from  1  to  4,  from  '*^' 

wliiili  drop  vertical  lines  intersecting  tlie  line  G  H  as  shown. 

from  wliicb  draw  radial  lineti  to  tlie  aiH'X  E  cutting  the  plan  line 
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of  the  tank  A  B  as  Bhown.  From  these  intersections  draw  hori- 
zontal lines  intersecting  the  side  of  the  cone  H I  at  1, 2 ' ,  3 ' ,  and  4 ' . 
Now  nse  E  as  center,  and  with  radius  equal  to  E  1  describe  the 


Fig.  23. 

arc  1°-1»  as  shown.    Draw  a  line  from  1°  to  E,  and  starting  from 
1*^  set  off  on  1**-1*  four  times  the  number  of  spaces  contained  in 
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J  H  iu  plati,  as  shown  by  similar  numbers  on  1°  1'.  Dr&w  a  line 
from  1'  to  E,  and  with  E  I  as  radius  describe  the  arc  N  L  inter- 
secting the  radial  lines  1°  E  and  1*  E  at  N  and  L  respectively. 
From  the  various  numbers  on  the  arc  1°  1'  draw  radial  lines  to 
the  apex  E;  and  using  E  as  center  and  with  radii  equal  to  E  4', 
E  3',  and  E  2',  draw  arcs  intersecting  similarly  numbered  radial 
lines  as  shown.  Trace  a  line  through  jmints  thus  obtained;  then 
will  N  1°  1 1*  L  be  the  iMttern  for  the  "boss." 

In  Fig.  24  is  shown  what  is  known  as  a  hip  bath.  In  drawing 
out  the  problem  for  practice  the  student  should  remember  that  it  is 
similar  to  the  preceding  one,  the  only  difference  being  in  the  outline 
of  the  cone.  Make  the  top  of  the  cone  I  B  in  Fig.  25  equal  to  3J 
inches,  the  bottom  C  D  If  inches,  the  vertical  height  from  K  to  5' 
2J  inches,  the  diameter  of  the  foot  E  P  2^  inches,  and  th&  vertical 
height  5'-5'  ^-inch.  Through  the  center  of  the  cone  draw  the 
center  line  K  L,  and  at  pleasure 
draw  the  outline  of  the  bath  as 
shown  by  A  J  B.'  It  is  imma- 
t«^rial  of  what  outline  this  may  be, 
the  principles  that  follow  being 
applicable  to  any  case.  Thus,  in 
tlie  side  elevation,  extend  the 
lines  B  C  and  A  D  until  they 
intersiict  the  center  line  at  L.  In 
Fig.  24.  similiir  manner  extend  the  sides 

of  the  foot  piece  E  D  finil  F  C  until  they  intersect  the  center 
line  at  R.  Now  with  5'  as  center  and  with  radius  equal  to  5'  D 
or  r>'  0,  describe  the  hiilf  section  C  H  D,  which  divide  into  equal 
spaces  as  shown  by  tlic  small  fignn^s  1  to  9.  From  the  points  of 
division  erect  verticiil  lines  meeting  the  base  line  of  the  bath  D  C 
at  ix)iuts  1,  2',  ;r,  (^to.,  to  i*.  From  the  ai>ex  L  and  through  these 
jxjints  draw  radial  lines  intersecting  the  outline  B  J  A,  from  which 
horizontal  lines  are  drjiwn  intersecting  the  side  of  the  bath  BC 
iis  sliown  from  1  to  !t.  For  the  ixitteni  for  the  body  use  L  as  center, 
and  with  L  0  as  radius  draw  the  arc  F  L'.  Kow  starting  at  any 
]K>ini,  jiH  1,  Bet  off  on  F  L'  twice  the  stretchout  of  D  H  C  as  shown 
by  Biniihir  numbers  on  the  arc  F  L',  From  the  a^iex  L  and  thiongfa 
the    small   figures    draw    radial    lines,    which   intersect  by  arcs 
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stnick  from  L  as  center  with  radii  equal  to  similarly  nambered 
iDterscctions  on  B  C.  Trace  a  line  through  points  thus  obtained, 
and  L>  M  N  P  P  will  be  the  pattern  for  the  body  of  the  bath 
to  which  lape  should  be  added  at  the  bottom  and  sides  for  seaming. 


Pig.  25. 


The  pattern  for  the  foot  is  obtaiuo<l  by  using  us  radii  R  D  and 
R  E,  and  Btrikiog  the  pattern  using  R^  us  rcutur,  the  half  pattern 
being  shown  1^  E^  T  E'  D'  D*,  and  thi^  distunce  D'  D'  being  equal 
to  the  stretobont  of  the  half  section  D  H  C  in  side  elevation. 
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It  is  usual  to  put  a  bead  along  the  edges  of  the  top  of  a  bath  as 
shown  at  a  and  h  in  Fig.  24.  For  this  purpose  tubing  is  sometimes 
used,  made  of  brass,  zinc,  or  copix^r  and  bent  to  the  required  shape; 
or  zinc  tubes  may  be  rolled  and  soldered  by  hand,  filled  with 
heated  white  sand  or  hot  rosin,  and  bent  as  needed.  The  tube  or 
bead  can  be  soldered  to  the  body  as  shown  in  (A)  in  Fig.  25.  Here 
a  represents  the  bc*ad,  in  which  a  slot  is  cut  as  <?,  and  which  is  then 
slipped  over  the  edge  of  the  bath  and  soldered.  Another  method 
is  shown  in  (B),  in  which  the  bath  body  h  is  flanged  over  the  bead 
a  and  soldered  clean  and  smooth  at  c,  being  then  scraped  and 
sandpaxx?red  to  make  a  smooth  joint.  A  wired  edge  is  shown  at  c 
in  Fig.  24,  for  which  laps  must  be  allowed  as  shown  in  Fig.  25  on 
the  half  pattern  for  foot. 

In  Fig.  26  is  shown  the  j)erspective  view  of  a  bath  tub;  these 
tubs  are  usually  made  from  IX  tin  or  No.  24  galvanized  iron.  The 
bottom  and  side  seams  are  locked  and  thoroughly  soldered,  while 

the  top  edge  is  wired  with  handles 
riveted  in  position  as  shown 
at  A.  The  method  used  in  de- 
veloping these  patterns  will  be 
the  cone  method  and  triangula- 
Fijr.  26.    "^  iion.     In  drawing  this  problem 

for  practice  (Fig.  27 ),  first  draw  the  center  line  W  8  in  plan;  and  using 
a  as  center  with  a  radius  equal  to  1^  inches  draw  the  semicircle 
C-12  D.  Now  make  the  distance  ^^  to  5  4  inches;  and  using  h  as 
center  with  a  radius  of  Ig  inches  draw  the  semicircle  E-7-H. 
Draw  lines  from  E  to  D  and  from  C  to  H.  D  E  7  H  012  D  will 
be  the  plan  of  the  bottom  of  the  bath.  In  this  case  we  assume 
that  the  flare  between  the  top  and  bottom  of  the  narrow  end  of  the 
bath  should  be  equal ;  therefore  using  a  as  center  and  with  a  radius 
equal  to  Ig  inches  draw  the  semicircle  A  W  B.  At  the  upper  end 
of  the  bath  the  flan*  will  be  unecjual;  therefore  from  h  measure  a 
distance  on  line  W  8  of  1  inch  and  obtain  c,  which  use  as  center, 
and  with  a  radius  equal  to  2  inches  describe  the  arc  F  8  G.  Draw 
lines  from  F  to  A  and  from  B  to  G;  and  AF8GBWAwillbe 
the  plan  of  the  top  of  the  bath.  Now  project  the  side  elevation 
from  the  plan  as  shown  by  the  dottinl  lin(»s,  making  the  slant 
height  from  I  to  R  24  indues  and  from  J  to  K  1^^  inches;  draw  a  line 
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froui  K  toR.andJKRI  willbe  the  side  ele^-atkii of  the  balh  tab. 
In  const rncling  the  bath  in  practice,  seams  are  located  ut  H  G,  F  E, 


■ATTERN 
JR  A-&00 
H     PI_AN 


Fig.  21. 
A  D,  and   0  B  in  plan,  thus   makinrr  the  tub   in   four  iiifct 
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The  lower  end  of  the  bath  will  be  developed  by  the  cone 
method  as  in  the  last  two  problems.  From  the  center  a  drop  a  line 
indefinitely  as  shown.  Extend  the  side  R  I  of  the  side  elevation 
nntil  it  meets  the  center  line  a  d  at  d.  Now  divide  the  quarter 
circle  12-9  in  plan  into  equal  spaces  as  shown  by  the  small  figures 
9,  10,  11,  and  12,  from  which  drop  vertical  lines  (not  shown) 
intersecting  the  bottom  of  the  bath  tub  in  elevation  from  9'  to  12'. 
Then  through  these  points  from  d  draw  lines  intersecting  the  top 
line  of  the  bath  R  K  as  shown,  from  which  draw  horizontal  lines 
intersecting  the  side  I-R  extended  as  I  X  at  points  9'  to  12". 
Then  using  d  as  center  and  dl  as  radius,  describe  the  arc  I  M, 
upon  which  place  the  stretchout  of  D  12  C  in  plan,  as  shown 
by  similarly  numbered  ix)int8  on  L  M.  Through  these  points  from 
d  draw  radial  lines,  which  intersect  by  arcs  drawn  from  similarly 
numbered  intersections  on  I R  extended,  using  d  as  center.  Trace 
a  line  as  shown,  and  L  M  N  P  will  be  the  pattern  for  the  lower 
end  of  the  tub  A  B  C  D  in  plan.  Laps  should  be  allowed  for 
wiring  and  seaming. 

As  the  i)attenis  for  the  upixjr  end  and  sides  will  be  developed 
by  triangulation,  diagrams  of  triangles  must  first  be  obtained,  for 
which  proceed  as  follows:     Divide  both  of  the  quarter  circles  H  7 
and  G  8  in  jjlan  into  tlie  same  number  of  sjmces  as  shown  resj^c- 
tively  from  1  to  7  and  from  2  to  8.     Connect  these  nmnbers  by 
dotteil  lin(»s  as  shown  from  1  to  2,  2  to  3,  3  to  4,  etc.     From  the 
various  xx)ints  2,  4,  (),  and  8  ri^presenting  the  top  of  the  bath,  drop 
lines  meeting  the  base  line  J /  in  elevation  at  2^^,  4*,  6^,  and  8*, 
and  cutting  the  top  line  of  the  bath  at  2',  4',  6',  and  8'.     Then 
will  i\m  dotted  lines  in  plan  rex)rc*sent  the  bases  of  the  triangles, 
wliich  will  be  constructed,  whosc^  altitudes  are  equal  to  the  various 
heights  in  elevation.     Take  the  various  distances  1  to  2,  2  to  3, 
3  to  4,  4  to  5,  etc.,  in  jJan  up  to  8,  and  place  them  on  the  vertical 
line  l"-8'  in  (B)  as  shown  from  1'^  to  2\  2"  to  3%  3'  to 4%  i'  to  5', 
et(\,  up  to  8".     For  example,  to  obtain  the  true  length  of  the  line 
6-7  in  plan,  remembering  that  the  ix)ints  having  even  numbers 
represent   the   top  line  of    the   bath    and   those  having  uneven 
nunilx^rs  the  base  line,  draw  at  right  angles  to  1  "-8*  in  (B),  from 
C}\  a  line  (^pial  in  height  to  (>*-()'  in  elevation,  and  draw  a  line 
from  G'  to  7"  in  (B),  which  is  the  length  desired.     For  the  true 


IW 


SHEET-METAL  WORK  35 

length  of  6-5  in  plan  it  is  necessary  only  to  take  this  distance 
place  it  from  6"  to  5"  in  (B)  and  draw  a  line  from  6^  to  5*.  In  this 
way  each  altitude  answers  for  two  triangles.  In  plan  draw  a  line 
from  1  to  0.  Then  will  two  more  triangles  be  necessary,  one  on  the 
line  1-0,  and  the  other  on  B  G  or  0-2.  From  2'  in  elevation  draw 
a  horizontal  line,  as  2'  ^,  intersecting  the  vertical  line  dropped 
from  0  at  e.  Now  take  the  distances  0  1  and  0  2,  and  place  them 
in  (A)  as  shown  by  the  horizontal  lines  0"-! "  and  0^2^  respectively. 
At  right  angles  to  both  lines  at  either  eitd  draw  the  vertical  lines 
O'-O'"  and  OM)^  equal  in  height  respectively  to  C^  0'  and  e  0' 
in  elevation.  Draw  in  (A)  lines  from  2^  to  O^and  from  1'  to  0'", 
which  are  the  desired  lengths.  Before  proceeding  with  the  pattern, 
a  true  section  must  bo  obtained  on  2 '-8'  in  side  elevation.  Take 
the  various  distances  2'  to  8'  and  place  them  on  the  line  2 '-8'  in 
Fig.  28.  At  right  angles  to  2 '-8' 
and  through  the  small  figures  draw 
lines  as  shown.  Now  measuring  in 
each  and  every  instance  from  the 
center  line  in  plan  in  Fig.  27,  take  the 

various  distances  to  points  2,  4,  and  2' ^ 

6  and  place  them  on  similarly  num-  Fig.  28. 

bered  lines  in  Fig.  28,  measuring  in  each  case  on  either  side  of  the 
line  2 '-8',  thus  obtaining  the  intersections  2-4-6.  A  line  traced 
through  these  points  will  be  the  true  section  on  2 '-8'  in  elevation 
in  Fig.  27. 

For  the  pattern  for  the  upper  end  of  the  tub  proceed  as  follows: 
Take  the  distance  of  7  "-8^  in  (B)  and  place  it  on  the  vertical  line 
7^  in  Fig.  29.  Then  using  8  as  center  and  with  a  radius  equal 
to  8'-6  in  Fig.  28,  describe  the  arc  6  in  Fig.  29,  which  intersect  by 
an  arc  struck  from  7  as  center  and  with  7 '-6^  in  (B)  in  Fig.  27 
as  radius.  Then  using  7-5  in  plan  as  radius,  and  7  in  Fig.  29  as 
center,  describe  the  arc  5,  which  intersect  by  an  arc  struck  from  6 
as  center  and  with  ^^-^'  in  (B)  in  Fig.  27  as  radius.  Proceed  in 
this  manner,  using  alternately  as  radii  first  the  divisions  in  Fig.  28, 
then  the  length  of  the  slant  lines  in  (B)  in  Fig.  27,  the  divisions 
on  7  H  in  plan,  then  again  the  slant  lines  in  B,  until  the  line  1-2 
in  Fig.  29  is  obtained.  Trace  a  line  through  points  thus  obtained, 
as  shown  by  2-8-7-1.    Trace  this  opposite  the  line  8-7,  as  shown 
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by  2'  1'.     Then  wiU  2-8-2 '-l'-7-l  be  the  desired  pattern,  to 
which  lai)s  mnst  be  allowed. 

For  the  imttem  for  the  side  of  the  bath  draw  any  line  9-1  in 
Fig.  30  equal  to  9-1  in  plan  in  Fig.  27.     Now  with  a  radius  equal 


Fig.  29, 

to  9-P  in  the  pattern  X  and  with  9  in  Fig.  30  as  a  center,  describe 
the  arc  0,  which  intersect  by  an  arc  struck  from  1  as  center  and 
with  I'-O'"  in  (A)  in  Fig.  27  as  radius.  Now  taking  a  radius  equal 
to  0^-2^  in  (A)  with  0  in  Fig.  30  as  center,  describe  the  arc  2,  which 

intersect  by  an  arc 

Oi>^ -^ ^  //       struck  from  1  as  center, 

and  with  1-2  in  Fig.  29 
as  radius.  Draw  lines 
from  comer  to  comer  in 
Fig.  30,  which  gives 
the  desired  pattern,  to 
jv./  which   laps    are  added 

9' j\  -^ 

Fig.  30.  for  seaming  and  wiring. 

In  Fig.  31  is  sliown  a  jx^rspective  view  of  a  funnel  strainer 
pail.  These  pails  are  usually  made  from  IX  bright  tin,  and  the 
same  principles  as  are  usc^  in  the  development  of  the  pattern  are 
applicable  to  similar  forms,  such  as  buckets,  coal  hods,  chutes,  etc. 
This  problem  presents  an  interesting  study  in  triangulation,  the 
principles  of  which  have  been  explained  in  previous  problems. 
First  draw  the  center  line  C  I  in  Fig.  32,  at  right  angles  to  which 
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<lraw  HK  nmi  H  F  i-m-h  (■{jiml  to  1^  iiicln'S.  Mfikt-  the  vtirticjil 
li<-i)^ht  H  C'  m  iuflii's  (iiul  f '  D  2  iiifhps.  "Sow  niiikti  the  vertical 
heights  nit'iLsuring  from  C  G,  to  A,  tiiid  to  B  reai)octivply  IJ 
inches,  and  1 J  inches.  Make  tlie  horizrintal  ilistfitice  from  C  to  G 
2i  inches,  the  diiiineter  from  G  to  A  If  inches,  tind  from  A  to  B 
J-iu«h,  and  dniw  a  line  fioni  B  to  C  Connect  points  by  lines; 
then  will  A  B  CI  D  E  F  G  be  the  side  elevation  of  the  imil.  In  its 
proper  position  below  F  E,  with  J  as  center,  draw  the  plan  K  L  M  N. 
Also  in  its  projier  ijosition  draw  tlie  section  on  A  G  as  O  P  R  S, 
Now  draw  the  rear  elevation  making  G^  U  and  Q'  V  each  equal  to 
H  E,  and  T  T  and  I'-l'  each  eqnal  to  C  D.  Project  a  lino  from 
B  in  side,  interBecting  the  center  line  in  rear  at4'.  Then  through 
the  three  points  1'  4'  T  draw  the  cune  at  pleasure,  which  in  this 
case  ia  struck  from  the  center  a.  W  Y  X  Z  represents  the  opening 
on  G  A  in  aide  obtained  as  shown  by  the  dotted  lines  but  hanng 
no  bearing  on  the  pattemB,  Pails 
ot  this  kind  are  nsnally  made 
from  two  pieces,  with  seauis  at 
the  sides,  as  in  Fig.  31.  The 
finttem  then  for  the  back  shown 
by  C  D  K  H  in  side  elevation  in 
Fig.  32  will  bt-  obtained  by  the 
cotM  method,  struck  from  the 
(*nter  I,  the  stretchout  on  E^  E* 
in  the  pattern  being  obtained 
from  the  half  plan.  The  jiaftem 
for  C  D  E  H  is  shown  with  lap  Fig.  -ll- 

and  wire  allowances  by  D'  D'  E*  E'  and  needs  no  further  explai.ation. 
Tlie  front  i«irt  of  the  ijail  shown  by  A  B  C  H  F  G  will  bt- 
developed  by  triangulation,  bnt  before  this  can  be  done  a  true 
Hection  most  be  obtained  on  B  C,  and  a  set  of  sections  devivlope^l 
na  follows:  Divi<]e  one-half  of  1 '  4'  T  in  rear  elevation  into  equal 
parts  OS  shown  from  1'  to  4',  from  which  draw  horizontal  lines 
tnteisecting  the  line  B  C  as  shown.  From  these  intersections 
lines  atti  drawn  nt  right  angles  to  B  C  eqnal  in  length  to  similarly 
numben-d  lines  in  rear  as  3'-:!'.  2'-2',  and  I'-l",  Trace  a  lino 
08  9hirtvn.  so  that  C  1'"  2'"  3'"  4"  will  Hh  the  true  half  swtioii 
^C.    To  avoid  a  conf  osion  cif  llm^tt  take  a  tracing  of  A  B  0  H  F  G 
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and  place  it  as  shown  by  similar  letters  in  Fig.  33.  Now  take 
tracings  of  the  half  sections  in  Fig.  32,  as  H  E  D  C,  C  1'"  B, 
P  O  S,  and  the  quarter  plan  N  J  M,  and  place  them  in  Fig.  33  on 
similar  lines  on  which  they  represent  sections  as  shown  respectively 
by  H  9'  8'  C,  C  8  b',  A  3  G,  and  P  9  H.    Divide  the  half  section 


A  3  G  into  6  equal  parts  as  shown  by  the  small  figures  1  to  5. 
As  this  half  section  is  dividwl  into  6  parts,  then  must  each  of  the 
sections  B  8  C  and  F  9  H  be  divided  into  3  parts  as  shown  respec- 
tively from  6  to  b  and  9  to  11.  As  C  8'  and  H  9'  are  equal 
respectively  to  C  8  and  H  9  they  are  numbered  the  same  as  shown. 


MWl  :■ 

•  ^ 

)      " 

?K 

^' 

p:;sl;': 

I 

4_ 

'j.\ 

:\   '^ 

V 

A.^TOn.  I 

4 

""X 

m\ 

ILDEi\  1- 

\    ■    • 

^  .D.^ 

SHEEl^METAL  WORE 


Now  at  right  angles  to  6  A,  B  C,  C  H,  and  H  F,  and  from  the 
TariooB  intersections  contained  in  the  sections  G  3  A,  B  8  C, 
C8'  9'  H,  and  H  9  F,  draw  lines  intersecting  the  base  lines  of  the 
sections  G  A,  B  C,  C  H,  and  H  F  at  points  shown  from  1 '  to  11'. 
Now  draw  dotted  lines  from  Bto5'  to6'  to4'  toT  toEtoC, 
and  then  from  H  to  E  to  10'  to  2',  etc     nntil  all  the  points  are 


Fig.  33. 

connected  as  shown.  These  dotted  lines  represent  the  bases  of  the 
sections  whose  altitudes  are  equal  to  similar  nmnbers  in  the  various 
sections. 

In  order  that  the  student  may  thoroughly  understand  this 
method  of  trlangolation  as  well  as  similar  methods  that  will  follow 
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in  other  problems,  the  model  in  Fig.  34  has  been  prepared,  which 
shows  a  perspective  of  Fig.  33  with  the  sections  bent  np  in  their 
proper  positions.  This  view  is  taken  on  the  arrow  line  in  Fig.  33, 
the  letters  and  fignres  in  both  views  being  similar.  For  the  true 
sections  on  the  dotted  lines  in  C  E  A  B  in  Fig.  33,  take  the  lengths 
of  the  dotted  lines  C  E,  E  T,  T  4',  etc.,  and  place  them  on  the 
horizontal  line  in  Fig.  35  as  shown  by  similar  letters  and  figores. 
From  these  small  fignres,  at  right  angles  to  the  horizontal  line, 
erect  the  vertical  heights  C  8,  E  3,  7'  7,  etc,  equal  to  similar 


Fig- 


vertical  heights  in  the  sections  in  Fig.  33.  Connect  these  points 
ill  Fig.  35  by  dotted  lines  as  shown,  which  are  the  desired  tme 
(liatiiuces. 

In  Fig.  36  are  shown  the  true  sections  on  dotted  lines  in 
G  E  H  F  in  Fig.  33,  which  are  obtained  in  precisely  the  eame 
manner,  the  only  difference  being  that  one  section  is  placed  inside 
of  another  in  Fig.  36.  For  the  pattern  proceed  as  is  shown  in 
Fig.  37.  Draw  any  vertical  line  as  G  P  equal  to  G  P  in  Pig.  83. 
With  radius  equal  to  G  1  and  with  G  in  Fig.  37  as  center  describe 
the  arc  1,  which  intersect  by  an  arc  struck  from  F  as  center  and 


SHEET-METAL  WORK 


41 


with  a  radius  equal  to  F  1  in  Fig.  36.  Now  with  F 11  in  Fig.  33  as 
radius  and  F  in  Fig.  37  as  center,  describe  the  arc  11,  which  is 
interscM'ted  by  an  arc  struck  from  1  ai3  center  and  with  1-11  in 
Fig  36  as  nidius.  Proceed  in  this  manner  until  the  line  3-9 
in  Fig.  37  has  been  obtained.  Then  using  8 '-9'  in  Fig.  33  as 
radius  and  9  in  Fig.  37  as  center,  describe  the  arc  8,  which  is 
intersected  by  an  arc  struck  from  3  as  center  and  with  3-8  in  Fig. 
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Fig.  35. 


35  as  radius.  Now  use  alternately  as  radii,  first  the  divisions  in 
B  8  C  in  Fig.  33,  then  the  length  of  the  slant  lines  in  Fig.  35, 
the  divisions  in  E  3  A  in  Fig.  33,  and  again  the  distances  in 
Fig.  35,  until  the  line  B  A  in  Fig.  37  has  been  obtained,  which  is 
obtained  from  B  A  in  Fig.  33.  Trace  a  line  through  points  thus 
obtained  in  Fig.  37  as  shown  by  A  B  8  9  F  G  A.  Trace  this 
half  pattern  opposite  the  line  G  F.      Then  will  B  A  G  A^  B^  8^ 
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9*  F  9  8  be  the  pattern  for  the  front  half  of  the  pail.  If  for 
any  reason  the  pattern  is  desired  in  one  piece,  then  trace  one- 
half  of  D^  D«  E*  EMn  Fig.  32  on  either  side  of  the  pattern  in 
Fig.  37  as  shown  by  the  dotted  lines  8'  D»  E^  9^  and  9  E  D  8. 
Allow  edges  for  wiring  and  seaming. 

Fig  38  shows  the  method  for  obtaining  the  pattern  for  an 
Emerson  ventilator  shown  in  Fig.  39. 
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While*  the  rcguhir  Euktsou  ventilator  has  a  flat  disc  for  a 
hood  it  is  iinprovecl  by  placing  a  cone  and  d(?flector  on  tho  top 
as  shown.  To  make;  th(;  pitterns,  proceed  as  shown  in  Fig.  38. 
First  draw  the  ct^nter  line  a  i,  on  either   side   of  which  lay  off 
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IJ  inches,  inuking  the  pipe  A,  3  inches  in  diamoter.  The  rule 
usually  employed  is  to  make  the  diameter  of  the  lower  flare  and 
upper  hood  twice  the  diameter  of  the  pipe.  Therefore  make  the 
diameter  of  «  r/  fi  inch<^.  From  n  and 
'/,  draw  a  line  at  an  aiigli;  of  45°  to  inter- 
sect the  line  of  the  pipe  at  i  and  i,-  this 
completes  B.  Measure  2  inches  above 
the  line  (  i  and  make  u  m  the  same 
diameter  as  a  d.  Draw  the  bevel  of  the 
deflector  so  tluit  the  apex  will  be  ^  inch 
above  the  line  t  i  and  make  the  axjex 
of  the  hood  the  same  distance  above  w  m 
as  the  lower  a^xix  is  below  it.  Then  draw 
lines  as  shown  which  complete  C  and  D.  Fig'  39. 

Now  with  c  as  a  center  and  r.ulii  e<iiml  to  c  c  and  c  d  draw  the 
(juarter  circles  ef  and  d  h  resi>ectively,  which  repnisent  the  one- 


HALF    PATTERN 
FOR 
HOOD    AND  DEFLECTOR 


quarter  pattern  for  the  horizontid  ring  closing  the  bottom  of  the 
lower  flare.  For  the  ijattem  for  the  hood,  nse  I  as  a  center  and 
f  7n  as  a  radius.     Now  draw  the  arc  m  m' .    Take  the  stretchout 
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of  the  qnHTU-'T  circle  1  to  6  on  ^  /«,  and  pilace  twice  this  am«>aiit 
on  m  m'  HS  shown  from  1-^1.  Draw  a  line  from  1  to  L  Then 
m'  fi  m  I,  will  be  the  half  pattern  tor  the  hood.  As  the  deflector 
has  the  same  bevel  as  the  hood,  the  hood  pattern  will  also  answer 
for  the  fL'flector. 

Wh<ii  si'aming  the  hood  and  deflector  together  as  shown  at 
n,  the  hoo^l  />  is  donble-seamed  to  the  deflector  at  r,  which  allows 
the  water  to  jjai-s  over;  for  this  reason  allow  a  doable  edge  on 
the  pattern  for  the  hood  as  shown,  while  on  the  deflector  bnt  a 
single  edge  is  r»-<iuinxl.    Edges  should  also  be  allowed  on  e  *f  hjt\ 

For  the  jjatt<.*ni  for  th(?  lower  flare,  extend  the  line  d  i  nntil  it 
iiiterw.*cts  the  cent^-r  line  at^.  Then  with  radii  eqnal  to^'  *  and^'  d 
and  with  j  in  Fig.  40  as  center  describe  the  arcs  t  t'  and<f  <f\ 
On  one  sirle  as  d  draw  a  line  to^'.     Then  set  off  on  the  arc  d  d' 
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twice  the  numlxr  of  spaces  contained  in  ^7  A  in  Fig.  38  as  shown 
in  Fig.  40.  Draw  a  lino  from  (V  to  i  and  allow  edges  for  seaming. 
Then  d  d'  V  i  will  be  the  hall*  pattern  for  the  lower  flare. 

The  brac(»s  or  siii)i)orts.  E  and  F,  Fig.  38,  are  nsnally  made  of 
galvanized  band  iron  bolted  or  riveted  to  hood  and  pipe.  Tlie 
hood  D  must  be  wat«T  titj^ht.  or  th(.'  water  will  leak  into  the  deflector, 
from  which  it  will  dnp  from  the  aix'X  inside  the  building. 

Elbows.  There  is  no  o^her  article  in  the  sheet-metal  worker's 
lin<',  of  which  there  an*  more  mad<'  in  practice  than  elbows.  On  this 
account  riiL'S  will  b<'  given  for  constructing  the  rise  of  the  miter 
lin(^  in  ellx>ws  of  any  size  or  diameter,  also  for  elbows  whose 
sections  an*  eitlu^r  oval,  square  or  round,  including  tiipering elbows 
Before  taking  uj)  the  method  of  obtaining  the  patterns,  the  rule 
will  be  givtiu  for  obtaining  the  rise  of  the  miter  line  for  any  size 
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or  number  of  pieces.  No  matter  how  many  pieces  an  elbow  has, 
they  join  together  and  form  an  angle  of  90°.  Thus  when  we  speak 
of.  a  two-pieced,  three-pieced,  four,  five  or  six-pieced  elbow,  we 
understand  that  the  right-angled  elbow  is  made  up  of  that  nmnber 
of  pieces.  Thus  in  Fig.  41  is  shown  a  two-pieced  elbow  placed  in 
the  quadrant  C  B,  which  equals  90°  and  makes  C  A  B  a  right 
angle.  From  A  draw  the  miter  line  A  a  at  an  angle  of  45^  to  the 
base  line  A  B.  Then  parallel  to  A  B  and  A  C  and  tangent  to  the 
quadrant  at  C  and  B  draw  lines  to  intersect  the  miter  line,  as 
shown.  Knowing  the  diameter  of  the  pipe  as  C  D  or  E  B  draw 
lines  parallel  to  the  arms  of  the  pipe,  as  shown.  Then  C  B  E  D 
will  be  a  two-pieced  elbow,  whose  miter  line  is  an  angle  of  45°. 

In  a  similar  manner  draw  the  quadrant  B  C,  Fig.  42,  in  which 
it  is  desired  to  draw  a  three-pieced  elbow.    Now  follow  this  simple 


Pig.  4a 


Fig.  44. 


rule,  which  is  applicable  for  any  nmnber  of  pieces:  Let  the  top 
piece  of  the  elbow  represent  1,  also  the  lower  piece  1,  and  for  every 
piece  between  the  top  and  bottom  add  2.  Thus  in  a  three-pieced 
elbow : 

Top  piece  equals  1 

Bottom  piece  equals      1 
One  piece  between         2 


Total  equals     4 

* 

Now  divide  the  quadrant  of  90°  by  4  which  leaves  22^°.  As 
one  piece  equals  22^°,  draw  the  lower  miter  line  A  «  at  that 
angle  to  the  base  line  A  B.  Then  as  the  middle  piece  represents 
two  by  the  above  rule  and  equals  45°,  add  45  to  22J^  and  draw  the 
second  miter  line  A  J,  at  an  angle  of  67^°  to  the  base  line  A  B. 
Now  tangent  to  the  quadrant  at  C  and  B  draw  the  vertical  and 


lei 
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mukltti  pifrtt.-s  'J:  total  S.    Dividt  90  by  >. 
finit  mitt:T  liiif;  vill 


horizuDtal  lin^  sbovn.  nnti]  ibrx  intetsevs  tbe  aiiler  liiK«.  from 
«hi<?h  inltrsecttans  dmv  the  middle  line,  vliicti  vill  be  tangent  to 
ih<-  qna^lrant  at  F.  C  D  and  B  E  show  tbe  diameteis  <rf  the  pipe, 
wliif-h  an-  drawn  fjarallel  to  the  lines  of  the  elbow  sbom. 

Fig.  43  shows  a  four-pie«>-il  elbow,  to  which  the  same  role  is 
appli-<L  Tfans  the  top  and  bottom  pi(;«e  eqoals  i  and  the  two 
inirVIle  lanrtis  etjiial  4:  total  '>.     Xow  divide  tbe  qnadiant  of  W  by 

G.  -'^  =  l->.  Then  the  first  miter  line  A  a  will  equal  l->'.  the 
Hftw^nd  A  A  45".  the  third  A  c  75".  and  the  Tertical  line  A  C  i*>\ 

Th<^  hisl  example  is  shovro  in  Fig.  44.  which  shows  a  Gre- 
pi':':':'!  ''Ibow.  in  which  the  top  and  bottom  pieces  equal  2.  the  3 

^  —.  n\.      Then   the 

wjual  111'.  thesecoudSSJ  .  thethinl-V^-.and 
the  fourth  TsJ^  By 
using  this  method  an 
elbow  having  any  Dtun- 
ber  of  pieces  may  be 
laid  out.  When  draw, 
iiig  these  miter  lines  it 
is  well  to  nse  the  pro- 
tractor shown  in  Fig.  45, 
which  illnstratcs  how  to 
lay  out  a  three-piecod 
elbow.  From  the  center 
point  A  of  the  protrac- 
tor draw  lines  through 
Fii,'.  10.  22J°,and675°.    Nowset 

(jir  A  ",  ami  till-  (lianieter  of  the  piix-  a  I.  Draw  Tertical  lines 
frijiii  '/  and  //  tn  the  miter  line  at «  and//.  Lay  off  similar  distances 
from  A  to  ii '  to  i'  and  draw  horizontal  lines  intersecting  the  67i" 
miter  line  at  <■'  and  '/'.  Tluii  draw  the  Urn's  d  d'  aadcc'  to 
complete  the  clljow.  Tn  practice,  howeviT,  it  is  not  necessary  to 
draw  out  the  entire  view  of  the  ellxiw;  all  that  is  required  is  the 
fintt  miter  line,  as  will  he  explaiiie<1  in  the  following  problems. 
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EXERCISES  FOR  PRACTICE. 

1.     Make  the  diameter  of  the  pipe  1|  inches  anil  the  distances 
from  A  to  E  IJ  inches  in  Figs.  41  to  44  inclusive. 

To  obtain  the  pattern  for  any  elbow,  osing  but  the  first  miter 


Fig.  46. 


liufi,  proceed  as  follows;  In  Fig.  46  let  A  and  B  represent  respect- 
ively a  two-  and  three-pieced  elbow  for  which  iiattems  are  desired. 
First  draw  a  section  of  the  elbow  as  shown  at  A  in  Fig,  47  which 


Fig.  47. 

is  a  circle  3  iDches  in  diameter;  divide  the  lower  half  into  equal 
spaces  and  nomber  the  points  of  division  1  to  7.  Now  follow  the 
rule  ^revionsly  given:    The  top  and  bottom  piece  equals  2;  then 
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for  a  two-pieced  elbow  divide  90  by  2.  In  its  proper  position  below 
the  section  A  draw  BODE  making  E  D  45**.  From  the  various 
]X>ints  of  intersection  in  A  drop  vertical  lines  intersecting  E  D  as 


ELEVATION 


SECTION 


F\fr.  4R. 

shown.  In  line  with  B  C  draw  K  L  upon  which  place  twice  the 
number  of  slices  contained  in  tlie  stu'tion  A  as  shown  by  similar 
figures  on  K  L;  from  these  points  drop  jK^rix^ndiculars  to  intersect 


164 
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with  lines  drawn  from  similar  intersections  on  E  D,  parallel  to  K  L. 
Trace  a  line  through  points  shown;  then  KLONM  will  be 
the  pattern.    To  this  lai)s  must  be  allowed  for  seaming. 

Now  to  obtain  the  pattern  for  a  three-pieced  elbow,  follow  the 
rule.    Top  and  bottom  pieces  equal  2,  one  middle  piece  equals  2; 

90 
total  4.    — J  =^  22^.    Therefore  in  line  with  the  section  A  below 

the  two-pieced  elbow  draw  F  G  J  H,  making  H  J  at  an  angle  of 
22^°  to  the  line  H  S.  Proceed  as  above  using  the  same  stretchout 
lines;  then  U  P  R  S  T  will  be  the  desired  pattern.  It  should  be 
understood  that  when  the  protractor  is  used  for  obtaining  the  angle 
as  shown  in  Fig.  45,  the  heights  a  c  and  h  d  measured  from  the 
horizontal  line  form  the  basis  for  obtaining  the  heights  of  the 
middle  pieces,  inasmuch  as  they  represent  one-half  the  distance; 
for  that  reason  the  middle  pieces  count  2  when  using  the  rule. 
Therefore,  the  distances  F  H  and  G  J  (Fig:  47),  represent  one-half 
of  the  center  piece  and  U  T  S  R  P  one-half  the  pattern  for  the 
center  piece  of  a  three-pieced  elbow. 

Fig.  48  shows  how  the  patterns  are  laid  into  one  another,  to 
I^revent  waste  of  metal  when  cutting.  In  this  example  we  have  a 
three-pieced  elbow  whose  section  is  2  X  2  inches.  It  is  to  be  laid 
out  in  a  quadrant  whose  radius  is  5  inches.  Use  the  same 
l^rinciples  for  square  section  as  for  round;  numlxir  the  comers  of 
the  section  1  to  4.  In  line  with  S  t  draw  D  E  upon  which  place 
the  stR^tchout  of  the  square  section  as  shown  by  similar  nmnbers 
on  D  E;  from  which  draw  horizontal  lines  which  intersect  lines 
drawn  i)arallel  to  D  E  from  the  intersections  1'  2'  and  3'  4'  in  A 
in  elevation,  thus  obtaining  similar  points  in  the  pattern.  Then 
A^  will  be  the  pattern  for  A  in  elevation.  For  the  pattern  fc  r  B 
simply  take  the  distance  from  2'  to^  and  place  it  on  the  line  4  4' 
extended  in  the  pattern  on  either  side  as  shown  by  4'  4"  on  both 
sides.  Now  reverse  the  cut  4'  2'  4'  and  obtain  4"  2"  4*.  By 
measurement  it  will  be  found  that  4'  4''  is  twice  the  length  of  2'  2 
as  explaini^d  in  connection  with  Figs.  45  and  47.  Make  the  distance 
from  1"  to  a'  the  same  as  j  to  a  in  C  and  draw  the  vertical  line 
I)  1)  intersecting  the  lines  44'  extended  on  both  sides.  Then  A  \  B  \ 
and  C*  will  bo  the  patterns  in  one  piece  minus  the  edges  for 
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seaming  which  must  be  allowed  between  these  cats;  this  would  ot 
course  make  the  lengths  b'  4',  4'  4'  and  4'  4  as  much  longer  as 
the  ItiiJS  would  necessitate, 

This  method  of  cutting  elbows  in  one  piece,  from  one  squiire 
is  applicable  to  either  round,  oval  or  square  sections. 

In  Figs.  49  and  50  are  shown  three-pieced  elbows  such  as  are 


nsed  in  furnaco-piix;  work  and  are  usually  made  from  bright  tin. 
Note  the  difference  in  tin;  ix>sitiou  of  the  sections  of   the  two 


elbows.     In  Fig.  4S)  a  h  is 
is  in  a  horizont-il  ii 


tion . 


ertind  iwsition,  while  in  Fig.  50  it 
In  obtaining  the  patterns  the  same 
rule  is  employed  qs  in  pre- 
vious problems,  care  being 
taken  when  developing  the 
ixittems  for  Fig.  49  that 
the  section  be  placed  as  in 
Fig.  nl  at  A;  and  when 
developing  the  patterns  for 
Fig.  50,  that  the  section  bt' 
placed  as  shown  at  A  in 
Fig.  52. 

Fig.  53  shows  a  taper- 
ing two-piecttl  elbow,  niurid  in  section.  The  UK'thod  here  shown 
is  short  and  wliile  not  strictly  accurate,  gives  good  results. 
It  has  been  shown  in  previous  problems  on  Intersections  and 
Developments    that    an    oblique    section    through    the  opposite 
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sides  of  a  cone  is  a  true  ellipse.  Bearing  this  in  mind  it  is 
I'vident  that  if  the  frustum  of  the  cone  H  I  O  N,  Fig.  54,  were 
11  8olid  and  cut  obliquely  by  the  plane  J  K  and  the  several  parts 
placed  Bide  by  side,  both  would  present  true  ellipses  of  exactly  the 
sauiu  size,  and  if  the  two  parts  were  placed  together  again  turning 
the  Hpper  piece  hjilf-way  around  as  shown  by  J  W  M  K,  the  edges 


Fig.  52. 

of  the  two  pieces  from  J  to  K  would  osjictly  coincide.  Taking 
advantage  of  this  fact,  it  is  necessary  only  to  ascertain  the  angle  of 
the  line  J  K,  to  produce  the  required  angle,  between  the  two  pieces 
of  the  elbow,  both  of  which  have  an  e<inal  flans.  The  angle  of  the 
miter  line,  or  the  line  which  cuts  the  cone  in  two  parts,  must  be 
fonnd  accurately  so  that  when  ]"oine<l  together  nn  elbow  will 
be  formed  having  the  dcsin'd 
angle  on  the  line  of  its  axis. 
Therefore  draw  any  vertical 
line  as  A  B.  With  C  as  a  center 
describe  the  plan  of  the  desired 
diameter  as  shown  by  E  D  F  B. 
At  right  angles  to  A  B  draw  the 
bottom  line  of  the  elbow  H  I 
equal  to  E  F,  or  in  this  casi-,  3 
inches.   Measuring  from  the  line  Fir-  53- 

H  I  on  the  line  A  B  the  height  of  the  frustum  is  5  inches. 
Through  X'  draw  the  upper  diameter  O  N,  1\  inches.  Extend  tlie 
contour  lines  of  the  frustum  until  they  intersect  the  cent^^r  line 
at  L.  Divide  the  half  plan  E  D  F  into  a  number  of  e<]ual  parts 
as  shown;  from  these  points  erect  lines  intersecting  the  base  line 
H  I  from  which  draw  lines  to  the  ajx-x  L.  As  the  elbow  is  to  hp 
in  two  pieces,  and  the  axis  at  right  angles,  draw  the  angle  T  S  8, 
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hiflwt  it  at  IT  nml  draw  the  Iuh!  R  V.  No  matter  what  th«  anglo  of 
the  elbow,  use  this  method.  Now  esbiblish  the  point  J  at  some 
conveiii(>nt  ix)int  on  the  cone,  and  from  J,  ]mrallel  to  R  V,  ilrsiw  the 
miter  line  J  K  intersecting  tlie  radiiil  lines  drawn  through  the  cone; 
from  these  ixtints  and  at  right  angles  to  the  center  line  A  B  draw 
lines  intersecting  the  side  of  the  cone  J  H  from  1  to  7.     If  it  is 


ik'sinsd  to  know  how  the  side  of  the  tapering  elbow  would  look, 
taku  a  tracing  of  N  O  K  J,  reverse  it  and  place  it  aa  shown  by 
J  W  M  K. . 

For  tlio  pattern  proocud  aa  follows:     With  L  as  a  center  and 
L  II  us  u  radius  descriU-  the  arc  1  1.      Starting  from  1  aet  off  on 
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this  arc.  twioe  tho  otrctchout  of  1  4  7  in  plaii,  as  shown  by  similar 
figun*  on  1  l,frotn  whiph  draw  nulial  lines  to  the  apex  L.  Again 
usin^  L  as  center  with  radii  wjual  to  L  N,  L 1,  L  2  to  L  7,  draw  ares 
as  shown  intersecting  radial  lines  having  similar  numbers.  Through 
these  intersections  draw  the  line  J'  L'.  Then  O'  N'  J'  K'  L' 
or  A  will  be  the  pattern  for  the  upper  arm  (A)  in  elevation,  and 
P '  R '  T '  X   Y  or  B  the  pattern  for  the  lower  arm  (B)  in  elevation. 


Fin.  fV 


The  pattern  slioald  be  develoixKl  full  size  in  practice  and  then 
pricked  from  the  paper  on  to  the  sheet  metal,  drawing  tlie  two 
patterns  as  far  apart  as  to  admit  allowing  an  edge  to  A  at  a;  also 
an  edge  at  $  to  B  for  seaming. 

When  a  pattern  is  to  contain  more  than  two  pieces  the  method 
of  constmcting  the  mitcir  lines  in  the  elevation  of  the  conu  is 
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slightly  different  as  shown  in  Fig.  55.  ABsnme  the  bottom  to  be 
3  inches  in  diameter  and  the  top  IJ  inches.  1*1  the  vertical  height 
bo  4  inches.  In  this  problem,  as  in  the  preceding,  the  various 
pieces  necessary  to  form  the  elbow  are  cnt  from  one  cone  whose 
iHmensions  must  be  determined  from  the  dimensions  ot  the  required 
elbow.  The  first  step  is  to  determine  the  miter  lines,  which  can 
be  done  the  same  as  if  regular  pieced  elbows  were  being  developed. 
As  the  elbow  is  to  consist  of  four  pieces  in  90°,  follow  the  rule 
given  in  connection  with  elbow  drafting.      The  lop  and  bottom 

90 
piece  eqiial  2;  the  two  middle  pieces  equal  4;  total  6.     -  «  =  15, 

Lay  off  A  B  O  D  accoRling  to  the  dimensions  given,  and  draw  the 
half  ijliin  below  D  C;  divide  it  into  equiil  parts  as  shown.  Prom 
the  points  of  division  erect  perix?ndicnlars  intersecting  D  C,  from 
which  draw  lines  meeting  the  center  line  E  4  at  F. 


sugmT  bends 
Fig.  r>7. 

\\r  iissuiiic  tliat  the  .nmoiiiit  of  rise  ;iml  projection  of  the  ellxjw 
an'  not  si)f('iHiil,  excepting  that  the  Urn's  of  axis  will  Ix'  at  riglit 
aiigl<'s.  Knowing  the  angle  of  the  miter  line,  it  becomes  a  matter 
of  jmlgTueiit  111)011  the  part  of  the  jKittem  draftsman,  what  length 
siiiilllji- given  loeach  of  the  pieces  comi>osing  the  elbow.  Therefore 
estiiblisli  the  iwiiits  G,  I  and  K.  making  D  (i,  G  I,  I  K  and  K  A. 
1,  ];.  5  and  1  inch  n'Hix-c'tively.  From  G,  I  and  K  draw  the  hori- 
zontal lines  G  1',  I  l"  and  K  1".  To  each  of  these  Imes  draw  the 
lines  G  II,  I  -T  and  K  L  resixctively  at  an  anght  of  15°  intersecting 
the  radial  lini'S  in  the  cone  as  shown.  From  these  intersections 
draw  horizontal  lines  cutting  tlie  side  of  the  cone.  Then  using  F 
as  a  center,  obtain  the  various  patterns  O,  P,  K  and  S  in  the 
uiannir  already  explained. 
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In  Fig.  56  is  shown  a  side  view  of  the  elbow,  resulting  from 
preceding  operations;  while  it  can  be  drawn  from  dimensions 
obtained  in  Fig.  55,  it  would  be  impossible  to  draw  it  without  first 
having  these  dimensions. 

In  Fig.  57  is  shown  a  jperspective  view  of  a  tapering  square 
elbow  of  square  section  in  two  pieces.  This  elbow  may  have  any 
given  taper.  This  problem  will  be  developed  by  triangulation  and 
parallel  lines;  it  is  an  interesting  study  in  projections  as  well  as 
in  developments.  First  draw  the  elevation  of  the  elbow  in  Fig.  58 
making.  1-6  equal  to  3 J  inches,  the  vertical  height  1-2,  4 J  inches, 
and  6-5,  2^  inches;  the  projection  between  1  and  2  should  be 
I  inch  and  between  5  and  6,  §  inch.     Make  the  horizontal  distance 
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Pig.  58. 

from  5  to  4,  2  inches,  and  the  rise  at  4  from  the  horizontal  line 
\  inch,  and  the  vertical  distance  from  4  to  3,  1^  inches.  Then  draw 
a  line  from  3  to  2  to  complete  the  elevation. 

In  its  proper  position  below  the  line  1-6,  draw  the  plan  on 
that  line,  as  shown  by  1'  1'  6'  6'.  Through  this  line  draw  the 
center  line  A  B.  As  the  elbow  should  have  a  true  taper  from  1  to  3 
and  from  4  to  6,  we  may  develop  the  patterns  for  the  top  and 
bottom  pieces  first  and  then  from  these  construct  the  plan.  There- 
fore, take  the  distances  from  1  to  2  to  3  and  from  4  to  5  to  6  in 
elevation  and  place  them  on  the  line  A  B  in  plan  as  shown  respec- 
tively from  1°  to  2°  to  3°  and  from  4°  to  5°  to  6°;  through  these 
points  draw  vertical  lines  as  shown.    While  the  full  developments 
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E  aiul  D  are  shown  wo  shall  deal  with  but  oue-half  in  the  exxjlana- 
tion  whidi  follows.  As  the  elbow  is  to  have  the  same  ta^x^r  ou 
eithiT  side,  take  the  half  distance  of  the  bottom  of  the  elbow  l-i) 
and  place  it  as  shown  from  l°-6°  to  I'-fi^jand  the  half  width  of 
the  tox)  of  the  elbow  3-4  and  place  it  ixs  shown  from  3°  to  3'  and4'' 
to  4\  Th(Mi  draw  lines  from  3"  to  1'  intersecting  the  bend  2°  at 
2",  and  a  linc^  from  4"  to  6"  intersecting  the  bend  5**  at  5".  Tract* 
these  ix)int8  on  the  opjposite  side  of  the  line  A  B.  Then  1'  3'  ^/  J 
will  be  the  pattern  for  the  top  of  the  elbow  and  6'  4"  cb  the 
XXittem  for  the  bottom.  From  these  various  points  of  intersection 
draw  horizontal  lines  to  the  i)lan,  and  intersect  them  by  lines 
drawn  from  similarly  numbered  ix)ints  in  the  elevation  at  right 
angles  to  A  B  in  plan.  Draw  lines  through  the  points  thus 
p^^^gpj^  PQP  obtained  in  plan  as  shown  by  1 ' ,  2 ' ,  3 ' ,  4 ' . 

-2^  5 '  and  6 '  which  will  represent  the  half  plan 
view.  For  the  completed  plan,  trace  these 
"^  lines  opix)site  the  line  A  B  as  shown.  It 
will  be  noticed  that  the  line  3-4  in  eleva- 
tion is  perpendicular  as  shown  by  3'  4' 
in  i)lan  while  the  points  2'  and  5'  project 
from  it,  showing  that  the  piece  2-3-4-5 
I'^i^'-  •">'^-  in    elevation    must    be    slightly    twisted 

aloii^  till'  liiK^   5-3  when   forming   the  elbow.      Similarly   slight 
Ix'uds  will  ])('  retiuired  along  thi»  lim^s  1-5  and  5-2. 

Tt  will  now  be  noc(»ssary  to  obtain  the  true  lengths  or  a 
diagram  of  triangles  on  the  liiii^s  1-5,  5-2  and  5-3.  Connect  similar 
numbers  in  i)lan  as  shown  from  1'  to  5',  5'  to  2'  and  5'  to  3',  the 
last  two  lines  being  already  shown.  From  similar  points  in  eleva- 
tion draw  horizontal  lines  as  shown  by  2-//,  H-^^  b-e  and  ft-{/. 
Take  the  distances  from  1'  to  5',  5'  to  2'  and  5'  to  3'  in  jjlan  and 
l)laee  them  on  on<»  of  the  lim»s  having  a  simihir  number  in  eleva- 
tion, as  shown  resiH*ctively  by  1^  5^,  5^  2'^  and  5^^  3^^.  From  the 
lK)ints  marked  5^  draw  vertical  lines  int(*rs(»eting  the  horizontal 
lini*  drawn  fnmi  5  at  5^',  5^  and  5''  resp^ctivt^ly.  Now  draw  the  true 
lengths  1^  5^',  2-'' 5^-,  and  3^5'*.  For  the  pattern  draw  any  line  as 
l-(\  in  Fig.  5U  (H[uh\  to  l-<)  in  Fig.  5S.  Now  with  6'  5*  in  D  as  a 
radius  and  0  in  Fig.  51)  as  a  center,  descrilx*  the  arc  5  which  is 
inters! H'ted  by  an  arc  struck  from  1  as  a  cent(»r  and  the  true  length 
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I*  n»  in  Fig.  n8  aa  radius.  Tlum  neing  tliu  true  length  5^  2*  as 
nulins  ami  5  in  Fiy.  59  as  ceiitor,  ili-scrjbe  the  arc  2,  which  is 
intprBect)-d  by  an  arc  struck  from  1  Jia  center  and  1'  2*  in  E  in 
Fig.  58  as  radias.  Using  the  trai-  length  5"  3"  as  rmlius  and  5  in 
Fig.  59  aa  center,  describe  the  arc  3,  and  intersect  it  by  an  arc 
Htmck  from  2  as  center  and  2'  3'  in  E  in  Fig,  58  as  a  radius.  Kow 
with  5'  4 '  in  1)  as  a  radius  and  5  in  Fig.  59  as  a  centiT.  describe 
lh«  arc  4,  and  intersect  it  by  an  aro  struck  from  3  Rs  center  and 
:i-i  in  the  elevation  in  Fig.  58  as  a  radius.  Draw  lines  from  jxiint 
to  point  in  Fig.  59  to  i-omplele  the  pjittem.  Laiis  should  be 
itllowixt  on  all  i>atteni8,  for  seaming.  (Slight  bends  will  take  place 
as  shown  on  the  jiatteru.  ftl(*o  as  ia  shown  by  «  i  and  a  in  Fig.  57, 
If  the  joint  is  to  be  on  the  line  2-5  in  elevation  in  Fig,  58,  the 
necessary  pieces  ain  be  joined  logetljer. 

In  Fig.  fiO  is  shown  a  jx^rsijective  -view  of  a  five-pieoe  tapering 
elbow,  htn-ing  a  round  biisu  and  an  elliptical  t^p,  Tliia  foml  is 
generally  kiiown  as  a  sAip  ventilator. 
The  iirintripk-a  shown  in  this  problem 
are  applicable  to  any  form  or  shape  no 
mailer  what  the  respective  profiles  muy 
!«'  at  the  base  or  top.  The  first  step  is 
111  <]raw  a  correct  side  vinw  of  the  elbow 
iifi  shown  in  Fig.  fil.  The  outline  A 
B  C  D  E  F  ain  be  dniwn  at  pleasure, 
but  for  practice,  dimensions  are  given. 
First  draw  the  vertical  line  A  F 
equal  to  4J  inches.  On  the  same 
Fig.  Oft  line  pxfend  measure  down  \\  inches  to 

/und  draw  the  horizontal  line  H  B.  Fromy  set  off  a  distance  of 
IJ  inches  at  ft,  and  neing  G  as  a  center  and  G  Fas  a  radius 
deweribi'  tho  are  F  E  interst-cting  H  B  at  E,  from  which  ilniw  the 
vertical  line  E  D  eqnal  to  1  inch.  Draw  D  O  equal  to  \\  ijiches, 
lln'ii  draw  C  B.  From  B  lay  off  5}  inches,  and  using  this  iwint  (H) 
as  a  neuter  and  B  B  as  a  nidius  describe  the  are  B  A,  Tlie  portion 
shown  B  E  D  C  is  a  straight  piece  of  pipe  whose  section  is  shown 
by  IJ  K  L.  Now  divide  the  two  ares  B  A  and  E  F  into  the  same 
number  of  parts  that  the  elbow  is  to  have  pieces  (in  this  case  four) 
attil  draw  the  lines  of  joiut  or  miter  lines  as  shown  by  U  V,  etc. 
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Bisect  each  one  of  the  joint  lines  and  obtain  the  points  abed  and  e. 
Then  A  B  C  D  E  F  will  be  the  side  view. 

The  patterns  will  be  developed  by  triangolation,  but  before 
this  can  be  done,  true  sections  must  be  obtained  on  all  of  the  lines 
in  side  elevation.  The  trae  sections  on  the  lines  B  E  and  C  D  are 
shown  by  I  J  K  L.  The  length  of  the  sections  are  shown  by  the 
joint  lines,  bnt  the  width  must  be  obtained  from  a  front  outline  of 
the  elbow,  which  is  constructed  as  follows:  In  its  proper  relation 
to  the  side  elevation,  draw  the  center  line  M  R  npon  which  draw 


SIDE  ELEVATION 


FRONT  OUTUNE 


|LSEC^LQN-jk 


Fig.  61. 

the  ellipse  M  N  O  P  (by  methods  already  given  in  Mechanical 
Drawing)  which  represents  the  section  on  A  F  in  side.  Take  half 
the  diameter  I  K  in  section  and  place  it  on  either  side  of  the  center 
line  M  R  as  R  T  or  R  S.  Then  draw  the  outline  O  S  and  T  N  in 
a  convenient  location.  While  this  line  is  drawn  at  will,  it  should 
be  understood  that  when  once  drawn,  it  becomes  a  fixed  line.  Now 
from  the  varicfus  intersections  abed  and  e  in  the  side  elevation, 
draw  linos  through  and  intersecting  the  front  outline  as  shown  on 
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one  side  by  O,  b\  c\  d!  and  e\  Then  these  distances  will  repre- 
sent the  widths  of  the  sections  shown  by  similar  letters  in  side. 
For  example,  the  method  will  be  shown  for  obtaining  the  true 
section  on  U  V,  and  the  pattern  for  piece  1  in  side 
elevation.  To  avoid  a  confusion  of  lines  take  a 
tracing  of  A  F  V  U  and  place  it  as  shown  by  1, 
13, 12, 0  in  Fig.  62.  On  1-13  place  the  half  profile 
M  N  P  of  Fig.  61.  Bisect  0-12  in  Fig.  62  and 
obtain  the  point  6;  at  a  right  angle  to  0-12  from  6 
draw  the  line  6  6'  equal  to  5'  5'  in  front  outline  in 
Fig.  61.  Then  through  the  three  points  O,  6'  and 
12  in  Fig.  62,  draw  the  semi-ellipse,  which  will 
represent   the   half  section  on  U  V.    The  other 
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Fig.  62. 
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sections  on  the  joint  lines  in  side  elevation  are 
obtained  in  the  same  manner. 

If  the  sections  were  required  for  piece  2  in 
side  it  would  be  necessary  to  use  only  0  6'  12  in 
Fig.  62  and  place  it  on  U  V  in  Fig.  61,  and  on  a 
perpendicular  line  erected  from  c,  place  the  width 
c  c'  shown  in  front  and  through  the  three  points 
obtained  again  draw  the  semi-elliptical  profile  or 
section.  NoW  divide  the  t^'c  half  sections  (Fig.  62) 
into  equal  parts  as  shown  by  the  small  figures,  from 
which  at  right  angles  to  1-13  and  0-12  draw  lines 
intersecting  these  base  lines  from  1-13.  Connect  opposite  points 
aslto2to3to4to5,  etc.,  to  12.    Then  these  lines  will  represent 
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the  bases  of  sections  whose  altitudes  are  equal  to  the  heights  in 
the  half  section.    For  these  heights  proceed  as  follows: 

Take  the  various  lengths  from  1  to  2,  2  to  3,  3  to  4,  4  to  5,  etc., 
to  11  to  12  and  place  them  on  the  horizontal  line  in  Fig.  63  as 
showTi  by  similar  figures;  from  these  points  erect  vertical  lines 
equal  in  height  to  similar  figures,  in  the  half  section  in  Fig.  62  as 
shown  by  similar  figures  in  Fig.  63.  For  example:  Take  the  dis- 
tance from  7  to  8  in  Fig.  62  and  placQ  it  as  shown  £rom  7  to  8  in 
Fig.  63  and  erect  vertical  lines  7-7',  and  8-8'  equal  to  7-7'  and 
8-8'  in  Fig.  62.  Draw  a  line  from  7'  to  8'  in  Fig.  63  which  is  the 
true  length  on  7-8  in  Fig.  62.  For  the  pattern  take  the  distance  of 
1-0  and  place  it  as  shown  by  1-0  in  Fig.  64.  Now  using  O  as  a 
center  and  O  2'  in  Fig.  62  as  a  radius,  describe  the  arc  2  in  Fig.  64 


Fig.  64. 

and  intersect  it  by  an  arc  struck  from  1  as  a  center  with  1-2'  in 
Fig.  68  as  a  radius.  Now  with  1-3'  in  Fig.  62  as  a  radius  and  1  in 
Fig.  ()4  as  a  center,  describe*  the  arc  3,  and  intersect  it  by  an  arc 
struck  from  2  as  center  and  2-3'  in  Fig.  63  as  a  radius.  Proceeil 
thiis,  using  alteniat(^ly  as  radii,  first  the  divisions  in  0-6-12  in 
Fig.  ()2,  then  the  i)roiKT  line  in  Fig.  63,  the  divisions  in  1-7-13  in 
Fig.  62  and  again  tlie  projxT  line  in  Fig.  63,  until  the  line  12-13 
in  Fig.  M  is  obtained,  which  equals  12-13  in  Fig.  62.  In  this 
manner  all  of  the  sections  an*  obtained,  to  which  laps  must  be 
allowed  for  wiring  and  seaming. 
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TABLES. 

The  following  tables  will  be  found  convenient  for  the  Sheet-Metal  Worker: 

TABLES  PAGE. 

Weight  of  Cast  Iron,  Wrought  Iron,  Copper,  Lead,  Bra^^  and  Zinc 62 

Sheet  Copper 63 

Sheet  Zinc 64 

Standard  Gauge  for  Sheet  Iron  and  Steel 65 

Weights  of  Flat  Rolled  Iron .66-71 

Square  and  Round  Iron  Bars 72-73 

Angles  and  Tees 74 
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SHEET   COPPER. 

Official  table  adopted  by  the  Association  of  Co])per  Manufacturers  of 
the  United  States.  Rolled  copper  has  specific  gravity  of  8.93.  One  cubic 
foot  weighs  558.125  pounds.  One  square  foot,  one  inch  thick,  weighs  46.51 
pounds. 
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UNITED  STATES  STANDARD  QAUQE  FOR  SHEET  AND  PLATE 

IRON  AND  STEEL 

COPY  [Public— No.  137] 

An  act  establishiDg  a  standard  gauge  for  sheet  and  plate  iron  and  steel. 

Be  it  enacted  bv  the  Senate  and  Hou^e  of  Representatives  of  the  Untied  States  of  America 
in  Congress  assembUd,  That  for  the  purpose  of  securing  uniformity  the  following  is  estab- 
lished as  the  only  standard  gauge  for  sheet  and  plate  iron  and  steel  in  the  United  States  of 
.America,  namely: 


THICKNESS 

WEIGHT 

« 

Namber  of 
Gauge 

Approximate 

Approximate 

Weight  per 

Weight  per 

Number  of 
Gauge 

thickness  in 

thickness  in 

square  foot 

square  foot 

fractions  of 

decimal  parts 

in  OUNCES 

in  POUNDS 

an  inch 

of  an  inch 

avoirdupois 

avoirdupois 

1-2 

.5 

330 

20. 

ooooooo 

OOOOOOO 

oonnoa 

15-32 

.46875 

300 

18.75 

000000 

ooauo 

7-16 

.4375 

280 

17.5 

00000 

ux» 

13-32 

.40625 

260 

1625 

0000 

m) 

8-8 

.375 

240 

15. 

000 

00 

11-32 

.34375 

220 

13.75 

00 

0 

5-16 

.3125 

200 

12.5 

0 

1 

9-32 

.28125 

180 

11.25 

1 

2 

17-64 

.265625 

170 

10.625 

2 

3 

1-4 

.25 

160 

10. 

3 

4 

15^ 

.234375 

150 

9.875 

4 

5 

7-« 

.21875 

140 

8.75 

5 

6 

1S-4V4 

.203125 

130 

8125 

6 

7 

3-16 

.1875 

120 

7.5 

7 

8 

11-64 

.171875 

no 

6.875 

8 

9 

5-32 

.15625 

100 

6.25 

9 

10 

9-64 

.140625 

90 

5.625 

10 

11 

1-8 

.125 

80 

5. 

11 

12 

7-64 

.109375 

70 

4.375 

12 

13 

3-82 

.09375 

60 

8.75 

13 

14 

5-64 

.07812i 

50 

3.125 

14 

L5 

9-128 

.0703125 

45 

28125 

15 

16 

1-16 

.0625 

40 

2.5 

16 

17 

9-160 

.0r»625 

36 

2.25 

17 

18 

1-ao 

.05 

32 

2. 

18 

19 

.7-160 

.0*375 

28 

1.75 

19 

20 

3-80 

.0375 

24 

15 

20 

21 

11-320 

.084375 

22 

1.375 

21 

22 

1-32 

.03125 

20 

1.25 

22 

23 

9-S20 

.028125 

18 

1.125 

23 

24 

1-40 

.025 

16 

1.  _ 

24 

25 

7-320 

.021875 

14 

.875 

25 

26 

3-160 

.01875 

12 

.75 

26 

27 

11-610 

.0171875 

11 

.n875 

27 

28 

1-64 

.015625 

10 

.625 

28 

29 

9-640 

.0140625 

9 

.5625 

29 

30 

1-80 

.0125 

8 

.5 

30 

31 

7-640 

.0109875 

7 

.4875 

31 

32 

1.3-1280 

.0101^625 

6^ 

.40625 

32 

33 

3-320 

.009375 

6 

.375 

33 

84 

11-1280 

.00859375 

554 

.84.375 

34 

35 

5-640 

.ua;8i2s 

5 

.3125 

35 

36 

9-1280 

.00708125 

4»4 

.28125 

36 

37 

17-2560 

.0066406 

AM 

.26.5625 

.37 

38 

1-160 

.00625 

4 

.25 

38 

And  on  and  after  July  first,  eighteen  hundred  and  ninety-three,  the  same  and  no  other 
shall  be  used  in  determining  duties  and  taxes  levied  by  the  United  States  of  America  on  sheet 
and  plate  iron  and  steel.  But  this  act  shall  nut  be  construed  to  increase  duties  upon  any 
articles  which  may  be  imported. 

Sec.  2.  That  the  Secretary  of  the  Treasury  is  authorized  and  required  to  pre[»are  suitable 
standards  in  accordance  herewith. 

Src.  8.  That  in  the  practical  use  and  application  of  the  standard  gauge  hereby  estab- 
lished a  variation  of  two  ana  one-half  per  cent  either  way  may  be  allowed. 

Approved,  March  8, 18B3. 
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WEiaHTS  OF  FLAT  ROLLED  IRON  PER  UNEAR  FOOT. 

Iron  weighing  480  pounds  per  cubic  foot. 


TkidouH 
ialndtft. 

1" 
.206 

IK" 

260 

IK" 
.818 

IK" 
.865 

2" 
.417 

2Wi 
.469 

2K" 

2Ji" 
.678 

12" 

A 

2i0 

Jl 

.417 

m 

.625 

.729 

.888 

.938 

1.04 

1.16 

6.00 

.625 

.781 

.988 

1.09 

\£b 

1.41 

1.56 

1.72 

7i0 

V 

.888 

1.04 

1.26 

1.46 

1.67 

1.88 

2.08 

2.29 

10.00 

•h 

1.04 

1.30 

1.56 

1.82 

2.08 

2.34 

2.60 

2.86 

12ii0 

A 

i£b 

1.56 

1.88 

2.19 

2.50 

2.81 

8.18 

8.44 

16.00 

1.46 

1.82 

2.19 

2.55 

2.92 

8.28 

8.66 

4.01 

17.60 

Y 

1.67 

2.08 

2i0 

2.92 

8.38 

8.75 

4.17 

4.68 

20.00 

A 

1.88 

2.84 

2.81 

8.28 

8.76 

iS2 

4.69 

5.16 

22i0 

* 

2.08 

2.60 

8.18 

8.65 

4.17 

4.69 

5JS1 

6.78 

26.00 

a 

2J^ 

2.86 

8.44 

4.01 

4.58 

6.16 

6.78 

6.80 

27.60 

i 

2.50 

8.18 

8.75 

4.38 

5.00 

6.68 

6.25 

6.88 

80.00 

H 

2.71 

8.89 

4.06 

4.74 

5.42 

6.09 

6.77 

7.45 

82i»0 

i 

2.92 

8.65 

4.38 

5.10 

6.83 

6.56 

7JB9 

8.02 

35.00 

H    , 

8.18 

8.91 

4.69 

5.47 

6.25 

7.03 

7.81 

8.59 

87.60 

1 

8.38 

4.17 

5.00 

6.83 

6.67 

7.50 

8.33 

9.17 

40.00 

iiV 

8.54 

4.43 

5.31 

6Jg0 

7.08 

7.97 

8.85 

9.74 

42.50 

u 

8.76 

4.69 

5.63 

6.56 

7.50 

8.44 

9.38 

10.31 

45.00 

lA 

8.96 

4.95 

5.94 

6.93 

7.92 

8.91 

9.90 

10.89 

47.60 

li 

4.17 

5.21 

6.25 

7.29 

8.33 

9.88 

10.42 

11.46 

50.00 

lA 

4.37 

5.47 

6.56 

7.66 

8.75 

9.84 

10.94 

12.08 

62i0 

^ 

4.58 

5.73 

6.88 

8.02 

9.17 

10.3i 

11.46 

12.60 

65.00 

lA 

4.79 

5.99 

7.19 

8.39 

9.58 

10.78 

11.98 

18.18 

67i0 

U 

5.00 

6.25 

7.50 

8.76 

10.00 

11.25 

12.50 

18.76 

60.00 

lA 

5J21 

6.51 

7.81 

9.11 

10.42 

11.72 

13.02 

14.82 

62.60 

1* 

5.42 

6.77 

8.13 

9.48 

10.83 

12.19 

13.54 

14.90 

66.00 

m 

5.68 

7.03 

8.44 

9.84 

11.25 

12.66 

14.06 

15.47 

67.60 

u 

5.88 

7.29 

8.75 

10.21 

11.67 

13.18 

14.58 

16.04 

70.00 

IH 

6.04 

7.55 

9.06 

10.57 

12.08 

13.59 

15.10 

16.61 

72J0 

U 

6J25 

7.81 

9.38 

10.94 

12.50 

14.06 

15.63 

17.19 

76.00 

H» 

6.46 

8.07 

9.69 

11.30 

12.92 

14.53 

16.15 

17.76 

77.50 

2 

i 

6.67 

1 

8.83 

10.00 

11.67 

13.38 

15.00 

16.67 

18.83 

• 

80.00 
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WEIQHTS  OF  FLAT  ROLLED  IRON  PER  LINEAR  FOOT. 

(Continued) 


TkifikBMi 
ialBdML 

3" 

3>i" 

3>li" 
.729 

.781 

4" 
.833 

4>i" 
.885 

4X" 

43i" 

12" 

-^ 

:m 

.990 

2.56 

t 

1JS5 

1.85 

1.46 

1.56 

1.67 

1.77 

1.88 

1.98 

5.00 

1.88 

2.03 

2.19 

2.84 

2.50 

2.66 

2.81 

2.97 

7.50 

Y 

2.50 

2.71 

2.92 

8.13 

8.83 

8.54 

8.75 

8.96 

10.00 

A 

a.13 

3.39 

8.65 

3.91 

4.17 

4.43 

4.69 

4.95 

12:50 

t 

3.75 

4.06 

4.:)8 

4.69 

5.00 

5.31 

5.68 

5.94 

15.00 

4.38 

4.74 

5.10 

5.47 

5.83 

6J20 

6.56 

6.93 

17.50 

Y 

5.00 

5.42 

5.83 

6.25 

J6.67 

7.08 

7.50 

7.92 

20.00 

rV 

5.63 

6.09 

6.56 

7.03 

7.50 

7.97 

8.44 

8.91 

22.50 

* 

6.25 

6.77 

7.29 

7.81 

8.33 

8.85 

9.38 

9.90 

25.00 

H 

6.88 

7.45 

8.02 

&59 

9.17 

9.74 

10.81 

10.89 

27.50 

V 

7.50 

8.13 

8.75 

9.38 

10.00 

10.63 

11.25 

11.88 

30.00 

4| 

8.18 

8.80 

9.48 

10.16  10.83 

11J51 

12.19 

12.86 

32.50 

T 

8.75 

9.48 

10.21 

10.94  11.67 

12.40 

13.13 

13.85 

85.00 

« 

9.88 

10.16 

10.94 

11.72  12.50 

13.28 

14.06 

14.84 

87.50 

i" 

10.00 

10.83 

11.67 

12.50  13.83 

14.17 

15.00 

16.83 

40.00 

lA 

10.63 

11.61 

12.40 

13J28  14.1*7 

15.05 

15.94 

16.82 

42i0 

1? 

llJii5 

12.19 

13.13 

14.06  15.00 

15.94 

16.88 

17.81 

45.00 

4 

11.88 

12.86 

13.85 

14.84 

15.83 

16.82 

17.81 

18.80 

47.50 

1? 

12.50 

13.54 

14.58 

15.63 

16.67 

17.71 

18.76 

19.79 

50.00 

lA 

13.18 

UJ22 

15.31 

16.41 

17.50 

18.59 

19.69 

20.78 

52.50 

lA 

13.75 

14.90 

16.04 

17.19 

18.33 

19.48 

20.63 

21.77 

55.00 

14.38 

15.57 

16.77 

17.97 

19.17 

20.36 

21.56 

22.76 

57.50 

1  w 

15.00 

16.25 

17.50 

18.75 

20.00 

21.25 

22.60 

23.76 

60.00 

lA 

15.63 

16.93  'l8.23 

19.53  20.83 

22.14 

23.44 

24.74 

62.60 

1* 

16.25  117.60  18.96 

20.81  21.67 

23.02 

24.38 

25.73 

65.00 

IH 

16.88  il8i8  |19.69 

21.09  22.50 

23.91 

25.31 

26.72 

67i0 

If 

17.50 

18.96  20.42 

21.88  23.33 

24.79  26.25 

27.71 

70.00 

m 

18.13 

19.64  21.15  22.66  '24.17 

25.68  27.19 

28.70 

72.60 

Hi 

18.75  20.81  21.88 
19.38  20.99  ;22.60 

23.44  :25.00 
24.22  '25.83 

26.56  28.13 
27.45  29.06 

29.69 
30.68 

75.00 
77.50 

2 

20.00 

21.67 

23.83 

1 

25.00 

26.67 

28.33 

1 

30.00 

31.67 

80.00 
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WEIGHTS  OF  FLAT  ROLLED  IRON  PER  UNEAR  FOOT. 

(Continued) 


Thiekii«ta 
in  I&ehn. 


I 


\ 

t 
t 

* 

i 

a 

i 


i 
i 


iV 

tV 

i 


IS 

i 

i 

i 


6" 


1.04 
2.08 
8.13 
4.17 

5.21 
6J35 
7J89 
8.33 

9.88 
10.42 
11.46 
12.50 

13.54 
14.-58 
15.63 
16.67 

17.71 
18.75 
19.79 
20.83 

21.88 
22.92 
23.96 
25.00 

26.04 
27.08 
28.13 
29.17 

30.21 
31.25 
32.29 


BH" 


1.09 
2.19 
8.28 
4.38 

5.47 
6.56 
7.66 
8.75 

9.84 
10.94 
12.08 
13.18 

14.22 
15.31 
16.41 
17.50 

18.59 
19.69 
20.78 
21.88 


6K" 


6K" 


1.15  1J20 

2.29  2.40 

8.44  8.59 

4^  4.79 

5.78  5.99 

6.88  7.19 

8.02  8.89 

9.17  9.58 

10.81  10.78 

11.46  11.98 

12.60  13.18 

13.75  14.88 

14.90  15.57 

16.04  16.77 

17.19  17.97 

18.83  19.17 

19.48 :  20.36 

20.63  21.66 

21.77  22.76 

22.92  23.96 


22.97  24.06 
24.06  25.21 


6" 


1.25 
2.50 
8.75 
5.00 

6.25 

7.50 

8.75 

10.00 

11^5 
12.50 
18.75 
15,00 

16.25 
17^0 
18.75 
20'.^ 

2li5 
22.50 
23.75 
26.00 


25.16 
26.25 


26.35 
27.50 


25.16  26.26 
26.35  1 27.50 
27.55  i  28.75 
28.75 :  30.00 


27.34  28.65  29.95  31.25 


28.44  1 29.79 
29.53  30.94 
30.63  32.08 


31.15  I  32.50 
32.34  33.75 
33.54  '  35.00 


31.72  83.23  34.74 


32.81 
33.91 


33.33  35.00 


34.38 ,  35.94 
35.52  '  37.14 
36.67  38.33 

L 


36.25 
37.50 
38.75 
40.00 


e>i" 

ea" 

1.41 

1.80 

1.85 

2.60 

2.71 

2.81 

8.91 

4.06 

4J22 

bJtl 

5.42 

5.68 

6.51 

6.77 

7.08 

7.81 

8.18 

8.44 

9.11 

9.48 

9.84 

10.42 

10.83 

llJi!5 

11.72 

12.19 

12.66 

13.02 

13.54 

14.06 

14.82 

14.90 

16.47 

15.63 

16J35 

16.88 

16.93 

17.60 

18i8 

18Jg8 

18.96 

19.69 

19.58 

20.81 

21.09 

20.88 

21.67 

22.50 

22.14 

23.02 

23.91 

23.44 

24.88 

25.31 

24.74 

25.73 

26.72 

26.04 

27.08 

28.13 

27.34 

28.44 

29.58 

28.65 

29.79 

80.94 

29.95 

31.15 

82.84 

31.25 

32.50 

83.75 

82.55 

3385 

85.16 

33.85 

35.21 

86.56 

35.16 

36.56 

87.97 

86.46 

37.92 

H9,:i8 

37.76 

89.27 

40.78 

39.06 

40.63 

42.19 

40.36 

41.98 

48.59 

41.67 

43.33 

45.00 

12" 


2.50 

6.00 

7.60 

10.00 

12.60 
16.00 
17.60 
20.00 

22M 
26.00 
27.60 
80.00 

82.60 
86.00 
87.60 
40.00 

42.60 
45.00 
47.60 
50.00 

52.50 
65.00 
67.60 
60.00 

62.60 
65.00 
67.60 
70.00 

72.50 
75.00 
77.60 
80.00 
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!tt 

7" 

7>i" 

lii' 

7X" 

8" 

B^" 

8>i' 

6H" 

.»» 

iV 

1^ 

1.61 

iM 

l.Sl 

1.(7 

1.72 

1.77 

1J2 

i£0 

A 

E.9S 

s.ce 

8.13 

828 

8.33 

8.44 

8.64 

8-66 

6.0O 

4.S 

iM 

4.69 

4.84 

6.00 

6,16 

6.31 

6.47 

7.60 

? 

S^ 

6.04 

6i6 

6.46 

6.67 

6*8 

7.(« 

7-29 

10,00 

A 

7£i 

7.65 

7.8t 

ao7 

8.33 

8.B9 

8,85 

9-11 

18J0 

1 

8.7E 

B.06 

9.38 

9.69 

10.00 

10.3t 

10.63 

1094 

15.00 

i 

10^1 

10Ji7 

10.94 

11.30 

1!,67 

12.03 

12.40 

12-76 

17.60 

v 

11.67 

1S.08 

18.60 

12.98 

13,33 

13.76 

14-17 

14.58 

20.00 

A 

1I.1S 

18.69 

u.oe 

14,53 

16,00 

15,47 

16.94 

16-41 

22J0 

7 

UM 

16.10 

1G.63 

16,16 

16.87 

17.19 

17.71 

1323 

25.00 

A 

1404 

18.61 

17.19 

17.76 

18.83 

18.91 

1B.48 

20.05 

27,60 

y 

17.60 

IMS 

18.7B 

19.38 

20.00 

£0.63 

81.26 

21.88 

30.00 

41 

18.96 

lS.6t 

20.81 

80.99 

E1.67|22.3* 

23.02 

23,70 

38i0 

1 

».*a 

E1.16 

2133 

22.60 

23.33  24.06 

24,79 

25,52 

35,00 

n 

81 J8 

BM 

28.44 

U32 

25,00 '26.78 

86,56 

27,84 

37,60 

1 

E3.33 

84.17 

26.00 

26.83 

88.67 

27*0 

28,33 

29,17 

40.00 

lA 

S4.7R 

».Be 

26.56 

87.45 

28.83 

29S2 

80.10 

30.99 

48.60 

»,2S 

27.19 

28.13 

29.06 

30.00 

30.94 

31,33 

32.81 

45.00 

87,71 

28.70 

89.69 

30.68 

31.67 

32.66 

33.65 

34.61 

47M 

It 

».17 

»H 

81:25 

32.29 

83.33 

34.3S 

85.42 

36.46 

60.00 

). 

saaa 

S1.78 

88.S1 

S3.fil 

IS? 

86.09 

37.19 

3828 

52.50 

)&.« 

88iS 

84.88 

85.62 

87.81 

38.96 

40.10 

66.00 

a.£t 

84.74 

86.94 

87,14 

38.33 

89.63 

40.73 

41.93 

57^ 

11 

KM 

3«Jffi 

87.60 

38.75 

40.00 

4I.S5 

42.60 1 43.75 

60-00 

jt 

36.46 

87.76 

89.06 

40,38 

41.67 

48.97 

44.27  !45i7 

62.50 

87.98 

86i7 

40.63 

41, B8 

48.33 

44.69 

46,04 

47.40 

65,00 

».3S 

40.78 

42.19 

43.59 

45  00 

4641 

47,81 

49.22 

67.50 

'1 

40.83 

4&29 

48.75 

45il 

4467 

48.13 

49.68 

51.04 

70,00 

1? 

4i3!t 

48.80 

45.31 

46,88 

48.83 

49,84 

51-35 

62.86 

72,60 

4S.7G 

46J1 

46,88 

48.44 

60.00 

61X8 

53-13 

54.69 

75.00 

tft 

t&£l 

46il2 

48.44 

50.(e 

61.67 

63.S8 

64-90  56A1 

77,60 

%" 

46.97 

48.33 

60,00 

51.67 

53,33 

55.l» 

66,87 

58,33 

80,00 
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ThieJmen 
inlneto. 


I 

! 

i 


IJ 


9" 


1.88 
8.75 
5.63 
7.50 

9.38 
llJg5 
18.13 
15.00 

16.88 
18.75 
20.63 
22.50 

24.38 
26Jg5 
28.13 
30.00 

31.88 
38.75 
35.63 
37.50 

39.38 
41.25 
43.13 
45.00 

46.88 
48.75 
50.63 
52.50 

54.38 
56.25 
58.13 
60.00 


9K" 


1.93 
8.85 
5.78 
7.71 

9.64 
11.56 
13.49 
15.42 

17.34 
19.27 
21.20 
23.13 

25.05 
26.98 
28.91 
30.83 

32.76 
34.69 
36.61 
38.54 

40.47 
42.40 
44.32 
46.25 

48.18 
50.10 
52.03 
53.96 

55.89 
57.81 
59.74 
61.67 


9K" 


1.98 
8.96 
5.94 
7.92 

9.90 
11.88 
13.85 
15.83 

17.81 
19.79 
21.77 
23.75 

25.73 
27.71 
29.69 
31.67 

33.65 
35.63 
37.60 
39.58 

41.56 
43.54 
45.52 
47.50 

49.48 
51.46 
53.44 
55.42 

57.40 
59.38 
61.35 
63.33 


9?i" 


2.03 
4.06 
6.09 
8.13 

10.16 
12.19 
14.22 
16.25 

18J» 
20.31 
22.34 
24.38 

26.41 
28.44 
30.47 
32.50 

34.53 
36.56 
38.59 
40.63 

42.66 
44.69 
46.72 
48.75 

50.78 
52.81 
54.84 
56.88 

58.91 
60.94 
62.97 
65.00 


10" 


2.08 
4.17 
6.25 
8.33 

10.42 
12.50 
14.58 
16.67 

18.75 
20.83 
22.92 
25.00 

27.08 
29.17 
31.25 
33.33 

85.42 
37.50 
39.58 
41.67 

43.75 
45.83 
47.92 
50.00 

52.08 
54.17 
56.25 
58.33 

60.42 
62.50 
64.58 
66.67 


lOJ" 

lOi" 

lOj" 

2.14 
4.27 
6.41 
8.54 

2.19 
4.88 
6.56 
8.76 

2JU 

4.48 
6.72 
8.96 

10.68 
12.81 
14.95 
17.08 

10.94 
13.13 
15.81 
17.50 

11J30 
13.44 
15.68 
17.92 

19JS2 
21.35 
23.49 
25.62 

19.69 
21.88 
24.06 
26Jg5 

20.16 
22.40 
24.64 
26.88 

27.76 
29.90 
82.03 
34.17 

28.44 
30.63 
82.81 
85.00 

29.11 
31.85 
83.59 
85.83 

36.30 
38.44 
40.57 
42.71 

37.19 
39.38 
41.56 
43.75 

38.07 
40.31 
42.55 
44.79 

44.84 
46.98 
49.11 
51.25 

45.94 
48.13 
50.31 
52.50 

47.03 
49.27 
51.51 
53.75 

53.39 
55.52 
57.66 
59.79 

54.69 
56.88 
59.06 
61.25 

55.99 
58.23 
60.47 
62.71 

61.93 
64.06 
66.20 
68.33 

63.44 
65.63 
67.81 
70.00 

64.95 
67.19 
69.43 
71.67 

J2" 


2.50 

5.0O 

7.50 

10.00 

12.50 
15.00 
17.50 
20.00 

22.50 
25.00 
27.50 
30.00 

82.50 
85.00 
87.50 
40.00 

42.50 
45.00 
47.50 
50.00 

52.50 
55.00 
57.50 
60.00 

62.50 
65.00 
67.50 
70.00 

72.50 
75.00 
77.50 
80.00 


ite 


SHEET-METAL  WORK 


71 


WEIOHTS  OF  FLAT  ROLLED  IRON  PER  LINEAR  FOOT. 

(Concluded) 


ialBchM. 


11" 


f 

A 

I 

? 

it 
it 

it 

It 
1? 


2^ 
4^ 
6.88 
9.17 

11.46 
13.75 
16.04 
18J3 

20.68 
22.92 
25J1 
27^ 

29.79 
82.08 
84.88 
86.67 

88.96 

43.54 
45.83 

48.18 
50.42 
52.71 
55.00 

57.29 
59.58 
61.88 
64.17 

66.46 
68.75 
71.04 
78.83 


llj"  llj" 


2.84 
4.69 
7.03 
9.38 

11.72 
14.06 
16.41 
18.75 

21.09 
23.44 
25.78 
28.13 

80.47 
32.81 
35.16 
87.50 

89.84 
42.19 
44.53 
46.88 

49JS2 
51.56 
53.91 
56.25 

58.59 
60.94 
63.28 
65.63 

67.97 
70.31 
72.66 
75.00 


2.40 
4.79 
7.19 
9.58 

11.98 
14.88 
16.77 
19.17 

21.56 
23.96 
26.35 
28.75 

81.15 
83.54 
85.94 
38.33 

40.73 
43.13 
45.52 
47.92 

50.31 
52.71 
55.10 
57.50 

59.90 
62J^ 
64.69 
67.08 

69.48 
71.88 
74.27 
76.67 


llj 


3'/ 


2.45 
4.90 
7.84 
9.79 

12.24 
14.69 
17.14 
19.58 

22.03 
24.48 
26.93 
29.38 

31.82 
84.27 
86.72 
89.17 

41.61 
44.06 
46.51 
48.96 

51.41 
53.85 
56.30 
58.75 

61J30 
63.65 
66.09 
68.54 

70.99 
73.44 
75.89 
78.89 


2.50 

5.00 

7.50 

10.00 

12.50 
15.00 
17.50 
20.00 

22.50 
25.00 
27.50 
30.00 

82.50 
85.00 
87.50 
40.00 

42.50 
45.00 
47.50 
50.00 

52.50 
55.00 
57.50 
60.00 

62.50 
65.00 
67.60 
70.00 

72.60 
76.00 
77.50 
80.00 


2.55 

5.10 

7.66 

lOJBl 

12.76 
15.31 
17.86 
20.42 

22.97 
25.52 
28.07 
80.63 

33.18 
85.73 
38i8 
40.83 

43.39 
45.94 
48.49 
51.04 

53.59 
56.15 
58.70 
61JS5 

63.80 
66.35 
68.91 
71.46 

74.01 
76.56 
79.11 
81.67 


2.60 

b2{ 

7.81 

10.42 

13.02 
15.63 
18.23 
20.83 

23.44 

26.04 
28.65 
81.25 

33.85 
36.46 
39.06 
41.67 

44^^^ 
46.88 
49.48 
52.08 

54.69 
57.29 
59.90 
62.50 

65.10 
"67.71 
70.81 
72.92 

76.52 
78.18 
80.78 
83.33 


12J" 


2.66 

5.31 

7.97 

10.63 

13.28 
15.94 
18.59 
2\2b 

23.91 
26.56 
29.22 
31.88 

34.53 
87.19 
39.84 
42.50 

45.16 
47.81 
50.47 
53.13 

55.78 
58.44 
61.09 
63.75 

66.41 
69.06 
71.72 
74.38 

77.08 
79.69 
82.34 
86.00 


s  s  ^ 

o  •»^^ 

'O   06  3 
<     ^^ 

^  '^ 

^^ 

5^  II 

06,—  " 
£'§  « 

ce  o 
a     ^ 


*^.s 


£  c  © 

5  ^  CO 

'H  fc*  © 

^    C>  ^ 
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SQUARE  AND  ROUND  IRON  BARS. 

TkiekiMM 
or  DiABilar 

¥«|ktof 
Om  Foot  long. 

Vtiglitof 

O  ^ 

Obo  Foot  long. 

Am  if 

in  n.  inofcw. 

Am  of 

O  »" 

iaot.iaflhet. 

'aia/km. 

0 

1 

.013 
.052 
.117 

.010 
.041 
.092 

.0039 
.0166 
.0362 

.0031 
.0123 
.0276 

.1963 
.3927 
.6890 

i 

.208 
.326 
.469 
.638 

.164 
.266 
.368 
.601 

.0625 
.0977 
.1406 
.1914 

.0491 
.0767 
.1104 
.1503 

.7864 

.9817 

1.1781 

1.3744 

1 

.833 
1.056 
1.302 
1.676 

.664 

.828 

1.023 

1.237 

.2600 
.3164 
.3906 
.4727 

.1963 
.2486 
.3068 
.3712 

1.6708 
1.7671 
1.9636 
2.1698 

1.875 
2.201 
2.662 
2.930 

1.473 
1.728 
2.004 
2.301 

.6626 
.6602 
.7666 
.8789 

.4418 
.6186 
.6013 
.6903 

2.3662 
^.6626 
2.7489 
2.9462 

1 

3.333 
3.763 
4.219 
4.701 

2.618 
2.966 
3.313 
3.692 

1.0000 
1.1289 
1.2666 
1.4102 

.7864 

.8866 

.9940 

1.1076 

3.1416 
3.3379 
3.6343 
3.7306 

X 

6.208 
6.742 
6.302 
6.888 

4.091 
4.610 
4.950 
5.410 

1.6626 
1.7227 
1.8906 
2.0664 

1.2272 
1.3630 
1.4849 
1.6230 

3.9270 
4.1233 
4.3197 
4.6160 

A 

7.500 
8.138 
8.802 
9.492 

5.890 
6.392 
6.913 
7.455 

2.2600 
2.4414 
2.6406 

2.8477 

1.7671 
1.9176 
2.0739 
2.2366 

4.7124 
4.9087 
6.1051 
6.3014 

i 

10.21 
10.95 
11.72 
12.61 

8.018 
8.601 
9.204 
9.828 

3.0625 
3.2852 
3.5166 
3.7639 

2.4063 
2.6802 
2.7612 
2.9483 

6.4978 
6.6941 
6.8905 
6.0868 

2 

J 

13.33 
14.18 
16.06 
15.95 

10.47 
11.14 
11.82 
12.63 

4.0000 
4.2539 
4.6166 
4.7852 

3.1416 
3.8410 
3.6466 
3.7683 

6.2832 
6.4796 
6.6769 
6.8722 

16.88 
17.83 
18.80 
19.80 

13.26 
14.00 
14.77 
15.56 

6.0626 
6.3477 
6.6406 
6.9414 

3.9761 
4.2000 
4.4301 
4.6664 

7.0686 
7.2648 
7.4618 
7.6576 

1 

20.83 
21.89 
22.97 
24.06 

16.36 
17.19 
18.04 
18.91 

6.2600 
6.5664 
6.8906 
7.2227 

4.9067 
6.1672 
6.4119 
6.6727 

7.8640 
8.0608 

aa467 
a44do 
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ti 


5QUARE  AND  ROUND  IRON  BARS. 

(Ccwdoded) 


■^•i 

1 

2BJ21 

27.66 
28.76 

19.80 
20.71 
21.64 
22.69 

7.5626 
7.9102 
8.2666 

5.9396 
6.2126 
6.4918 
6.7771 

a6384 
8.8367 
9.0821 

a6288 

9.2284 

t 

90XX> 
31.26 
32.65 
33.87 

23.66 
24.66 
26.67 
26.60 

OXXXX) 
9.3789 
9.7666 
10.160 

7.0686 
7.3662 
7.6609 
7.9798 

9.4248 
9.6211 
9.8176 
10.014 

36.21 
36.68 

38.38 

27.66 
28.73 
29.82 
30.94 

10.663 
10.973 
11.391 
11.816 

8.2958 
8.6179 
8.9462 
9.2806 

10.210 
10.407 
10.603 
10.799 

1 

40.83 
42.30 
43.80 
46.33 

32.07 
33.23 
34.40 
36.60 

12.250 
12.691 
13.141 
13.698 

9.6211 
9.9678 
10.321 
10.680 

10.996 
11.192 
11.388 
11.686 

1 

46.88 
48.46 
6OJ06 
61.68 

36.82 
38.06 
38.31 
40.69 

14.063 
14.636 
16.016 
16.504 

11.045| 
11.416 
11.793 
12.177 

11.781 
11.977 
12.174 
12.370 

4 

t 

53.33 
66.01 
66.72 
68.46 

41.89 
43.21 
44.55 
46.91 

16.000 
16.504 
17.016 
17.535 

12.566 
12.962 
13.364 
13.772 

12.566 
12.763 
12.959 
13.155 

60.21 
61.88 
63.80 
65.64 

47.29 
48.69 
60.11 
61^5 

18.063 
18.698 
19.141 
19.691 

14.186 
14.607 
15.033 
15.466 

13.352 
13.548 
13.744 
13.941 

i 

67.60 
69.38 
71.30 
73.24 

53.01 
64.60 
66.00 
67JS2 

20.250 
20.816 
21.391 
21.973 

16.904 
16.349 
16.800 
17.267 

14.187 
14.334 
14.530 
14.726 

1 

75.21 
77.20 
79.22 
81.26 

59.07 
60.63 
62.22 
63.82 

22.563 
23.160 
23.766 
24.379 

17.721 
18.190 
18.665 
19.147 

14.923 
15.119 
15.316 
15.512 

6 

83.33 

65.45 

25.000 

19.635      15.708 
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ANGLE  IRON. 
Weight  Per  Linear  Foot. 


6     x6     x^ 24 

5     x5     xA 16K 

i     xi     xH 12K 

3Kx3KxA 9 

3     x3     x?^ 7 

2Kx2KxA 5 

2}ix2^xH 4J4 


Lbs. 


u 


tt 


•ft 


2     x2     x}4 SJ^Lbs. 

IH^IH^A ^H  - 

IJ^xlJ^xA 2  • 

l^xlMxA IK  " 

1    xl    xH 1 

Mx  SixJi «  - 


xK 


TEE  IRON. 
Weight  Per  Linear  Foot. 


.30 
.30 


5  x8 
7     x6 

6  x3 
4     x4 

3}^x3i^xi2- 121^ 

3     x3     x% IX 

2}^x2}4x}.^ 8 

2Kx2J^xA 5 


Lbs. 


2J4x2)ixM *      Lbe 

2     x2     x}4 3)4  - 

I'^ixlUxH 3  " 

l%xl%x% i%  « 

l}ixl}4xH 2M  • 

1     xl     xU 1  - 

H  " 


?ix 


HxH 
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EXAMINATION   PLATES. 

PLATE  I. 

The  plaU^s  of  this  Inotmction  Paper  should  be  laid  out  the 
Sjime  size  as  i^xplained  in  the  course  on  Tinsmith's  Work.  Before 
starting  these  plates  the  student  should  first  i)ractice  on  other 
paper  and  make  models  of  stitf  cardboard  to  i^rove  the  accuracy 
of  the  patterns.  When  the  problem  is  thoroughly  mastered  and 
understood,  copy  and  send  in  your  best  drawing  for  examination 
and  correction. 

The  first  problem  given  is  the  intersection  and  devtilopment 
of  a  cylinder  and  a  right  cone,  whose  lines  of  axis  run  x^rallel  to 
e<ich  other.     First  draw^  the  base  of  the  cone  B  C  4 J  inches  long, 
placing  B  1 J  inches  from  the  bortier  line,  and  t\w  line  C  B  5^  inches 
above  the  bottom  line.     Make  tlie  vertical  height  of  the  cone  3^ 
inches,  and  draw  the  lines  A  B  and  A  C.     Through  A  draw  the 
cent* 'r  vertical  line  JG,  on  which  2.^  inches  below  the  bas(»  line  CB 
#.*stablish  the  ix)int  I.    Now  with  I  as  ct»nter  and  i  of  CB  as  radius, 
clfscrilx?  the  circle  E  F  (x  H,  which  represents  the  plan  of  tlu^  cone. 
From  A  on  the  line  A  C  measure  down  one  inch  as  shown  at  ^/, 
from  which  erect  a  v(»rtical  line*  e'  K  ,^-in(*h  high.     From  K  draw 
the  horizontal  line  K  L  equal  to  !{■  inclies,  and  from  L  drop  a 
lX:?rix»ndicular  intersecting  the  sid(»  of  the  cone  at  M.     Directly 
above  L  K  in  its  lirojx^r  relative  position  i-in(»l\  abov(»  L  K,  with  N 
as  center  draw  the  circle  shown,  which  r(»])resents  a  si^ction  through 
Li  K.     Through  the  center  N  draw  the  horizontal  line  //  e.     Now 
divide  the  half  upper  section  N  into  an  equal  numbiT  of  spaces  as 
shown  by  a  h  r  d  e^  from  which  points  drop  vertical  lines  intersect- 
ing the  side  of  the  cone  A  C  at  a'  h'  r'  //'  and  ('\  nnd  from   these 
|)oints,  dniw  horizontal  lines,  int(Tsecting  the  ()p]K)sitc  sid(»  A  B 
from  a "  to  e " . 

The  next  st(?p  is  to  constnict  planes  in  plan  as  follows:  From 
the  various  interstH-^tions  a"  to  c"  in  (»levation,  drop  vertical  lines 
interstH^ting  the  horizontal  lint*  H  F  in  plan  drawn  tlirough  the 
center  I,  at  a"  I/"  c"'  d"  and  r".  Then  using  I  as  center  and 
distance's  to  points  a"  to  e'"  as  radii,  strike  the  various  circles 
shown.  From  the  center  of  the  section  N  in  elevation  extend  the 
line  intersecting  H  F  in  plan  at/;  then  using/* as  center  and  N  a 
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or  N  ^  in  elevation  as  radius,  describe  the  circle  1-3-5-3  in  plan, 
cutting  the  various  planes  at  1,  2,  3,  4,  and  5  on  both  sides.  Now, 
from  the  various  joints  of  intersection  on  the  various  planes  in 
plan,  erect  lines  intersecting  similarly  lettered  planes  in  elevation 
as  shown  at  1',  2',  3',  4',  and  5',  through  which  trace  a  line  as 
shown,  which  represents  the  line  of  intersection  between  the 
cylinder  and  right  cone. 

For  the  pattern  for  the  cylinder  proceed  as  follows:  Extend 
the  line  K  L  of  the  cylinder  in  elevation  as  shown  by  O  P,  placing 
the  distance  1  from  the  margin  line  2^  inches.  Now  starting  from 
1,  lay  off  on  O  P  the  stretchout  of  the  section /'in  plan,  the  spaces 
being  desicrnated  by  similar  figures  on  O  P.  From  these  small 
fitrnres  and  at  r'lcrht  angles  to  O  P,  draw  lines  which  intersect  with 
lines  drawn  from  similarly  numbered  intersections  on  the  line  of 
intersection  in  elevation  parallel  to  O  P.     Trace  a  line  tbrougrli 

ix)uits  thus  obtained.     Then  will  O  P  R  be  the  full  pattern  for  the 
cylinder. 

The  i^attem  for  th(^  right  cone  is  developed  as  has  already  been 
described  in  the  Tinsmith's  Course,  and  for  that  reason  will  be 
shown  only  the  method  how  to  obtain  the  pattern  for  the  opening 
in  the?  cone  to  miter  with  \hv  cylinder.    For  this  proceed  as  follows: 
Draw  radial  lines  from  I  in  pl.in  through  the  intersections  1,  2,  H, 
4,  and  5,  cutting  the  outer  cnnv  E  F  G  H  at  1%  2%  3%  4",  and  o\ 
resxx^ctively.    Now  with  A  B  in  elevation  as  radius  and  A^  as  center, 
describe  a  short  arc  as  S  T.     Place  the  arc  as  far  above  the  marsrin 
line  as  the  plan  G,  and  have  S  T  central  between  the  plan  and 
margin  line.     From  A^  drop  a  vertical  line  intersecting  the  arc  S  T 
at  1 ".     Now  starting  from  1\  set  off  on  either  side  of  the  center 
line  A^  1"  the  distances  showTi  in  plan  from  I''  5"  to  4"  to  2"  to  3% 
as  shown  by  similar  numbers  on  S  T.     From  these  points  draw 
radial  lines  to  A'.      Now  using  A'  as  center  and  with  radii  equal 
to  A  e\  A  </',  A  ('\  A  //,  and   A  r/  in  elevation,  describe  arcs 
intersecting  respc^ctively  the  radial  lines  A'  1"  at  e%  2'  2"  at  d^  d% 
3"  3''  at  r"  r\  4"  4"  at // />%  and  A' 5"  at  ^\     Through  these 
intersections   trace  a  line  as  shown,  which  will  be  the  desired 
opening. 
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\ 
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1       '     1     "              -'-"' 

i 

u 

f  :  l-^i-^"^ 

i 
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I 
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"^ 

tL 

i|;  i  J^^-- 

°  '       1      1     '         "^      __--- 

J^^§ 

^^^'^P^=:=:r 

w. 

-5j^_y 

1 

Thia  problem  will  giro  an  exauiiuution  on  triaugulation,  being 
tbo  devolopment  of  an  irrogTilnr  solid  whose  bottom  and  top  arc 
ronnil  vhim  viotretl  on  horizontal  pLniifs, the  top  plane  being  cut  off 
ut  an  aiigli' of  ■I"*"  to  thu  bnaoliiic  First  draw  the  base  lim- J '-(}', 
22  iuchc'S  long,  placing  tbo  iwint  1 '  2  iiichos  from  the  margin  Um>, 
midllio  liiiel'-O'  in  the  ciTiteroE  the  shei-t.  Tliree  inches  above 
tlie  bottom  mat^In  line  draw  tho  borizontid  line  I'-fi'  in  plan; 
tln-n  with  a  na  center  and  radius  oipuil  to  one-half  of  I'-fi'  in 
elevation,  draw  the  circle  shown  in  its  propT  position  below  the 
linol'-R'  iu  elevation.  Xow  J  incli  to  the  right  of  a  on  the  line 
I'-fl'  in  jjlau,  establish  h,  which  use  as  a  centi-r,  and  with  |S-inch 
nulins  describe  tlie  inner  circle  1-3-G-c,  which  represents  the 
upper  horizontal  plane  if  the  irregular  article.     From  thu  points 

1  and  6  iu  plan,  en-et  tho  vertical  lines  1-1  and  6-0,  making  the 
height  of  the  line  1-1  above  the  biBee  line  I'-fi'  in  cli'vation 
^1  inches,  and  from  tho  point  1  in  ehvation  draw  the  line  1-1>  at 
an  angle  of  4.1°  intersecting  the  Torticjil  line  fi-G  at  6.  Now  draw 
lines  from  1  Lol'  and  from  *j  to  R',  which  completes  tho  elevation. 

Now  divide  the  half  plan  into  an  etinal  ninnber  of  parts 
(in  this  case  5)  as  shown  by  the  smnll  figures  1'  toG'.  In  the 
same  manner  divide  the  inner  circle  into  the  saiim  niunbcr  of  parts 
as  shown  from  1  to  G.  Now  draw  solid  lines  from  1'  to  1,2'  to  2, 
3'  to  3, 4'  to  4,  C  to  5,  and  G'  tofi;  and  dotk^  lines  from  1  to  2', 

2  to 3',  3  to4',  4  to 5',  and  5  tofi'.  From  tho  iutfrsectionsl' to  & 
on  the  outer  plan,  erect  lines  intersecting  the  base  lino  in  elevation 
from  1 '  to  G ' .  In  a  similar  manner,  from  the  intersections  on  the 
inner  cvn'e  ia  plan  erect  lines  intersecting  the  top  plane  of  he 
artielo  from  1  to  G.     Now  connect  lines  in  elevation  from  2  to  2 ' . 

3  to  3',  etc.,  although  these  lines  are  not  necessary  in  the  develop- 
ment of  tho  jiatUjni,  but  nns  given  only  to  show  thi'ir  relationship 
to  similar  lines  in  plan.  TIio  solid  and  dotted  lines  in  plan 
ri^prcseiit  the  bases  of  triangles,  which  will  be  constructed,  whose 
altitudes  sro  eqool  to  siuiilarly  numln'red  vertical  heights  iu 
elevAtiou.  Tho  con^tructioti  of  these  triangles  is  shown  at  B  and  0, 
B  repreeentiug  the  triangles  on  solid  lines  in  plan,  and  0  the 
triaiiglc«  on  dotted  Moks  in   plan.     Constm<Tt  these  triangles  as 
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follows:  Extend  the  line  l'-6'  in  elevation  as  E  F,  the  point  6' 
on  E  F  to  be  placed  1  inch  from  the  margin  line.  Now  take  the 
various  distances  of  the  dotted  lines  in  plan  as  6 '  to  5,  5 '  to  4, 
4 '  to  3,  3 '  to  2,  and  2 '  to  1,  and  place  them  on  the  line  E  F  as  shown 
by  similar  numbers.  Now  from  the  small  figures  1,  2,  3,  4,  and  5 
on  the  line  E  F,  erect  lines,  which  intersect  by  lines  drawn  from 
similarly  numbered  intersections  on  1-6  in  elevation,  parallel 
to  E  F,  thus  obtaining  the  points  1°,  2°,  3%  4°,  and  5°.  Then 
draw  lines  from  V  to  2',  2°  to  3',  3°  to  4',  4°  to  5',  and  5°  to  G ', 
which  will  rej)resent  the  diagram  of  triangles  on  dotted  lines  in 
plan,  the  slant  lines  representing  the  true  lengths  on  the  finished 
article.  In  precisely  the  same  manner  obtain  the  diajjram  of 
triangles  B  on  solid  lines  in  plan.  For  example,  take  the  distance 
of  2-2'  in  plan,  and  place  it  as  shown  by  2-2'  on  the  line  E  F; 
from  2  at  right  angles  to  E  F  draw  the  line  2-2°  equal  to  the 
vertical  height  to  2  in  elevation,  and  draw  a  line  from  2°  to  2', 
which  is  the  true  length  on  2-2'  in  plan.  It  now  becomes 
necessary  to  obtain  a  true  section  on  the  line  1-6  in  elevation. 
Therefore  at  right  angles  to  1-6  and  from  the  various  intersections 
1  to  6,  draw  lines  as  shown.  Now  measuring  in  each  instance 
from  the  line  l'-6'  in  plan,  take  the  various  distances  to  points 
2,  3,  4,  and  5,  and  x^laco  them  in  A  on  similarly  numbered  lines, 
measuring  in  each  instance  from  the  line  1-6  in  elevation,  thus 
obtaining  the  x^oints  2"  to  5".  A  lino  traced  as  shown  will  be  the 
half  section  on  l-G  in  elevation. 

For  the  j)attern  proceed  as  follows:  Draw  any  line  as  1-1 '  in 
G  equal  to  1-1'  in  elevation.  Now  with  radius  equal  to  l'-2' 
in  plan,  and  1'  in  G  as  center,  describe  the  arc  2'.  Then  using 
1  in  G  as  center,  and  I'^-S'  in  C  as  radius,  intersect  the  arc  2'  in  G. 
Now  with  radius  equal  to  1-2'^  in  the  true  section,  and  1  in  G  as 
center,  describe  the  arc  2,  which  intersect  by  an  arc  struck  from  2' 
as  center  and  with  2° -2'  in  B  as  radius.  Proceed  in  this  manner, 
using  alternately  as  radii,  first  the  divisions  in  the  outer  curve 
in  plan,  then  tlie  liyi)othenus(^s  or  slant  lines  in  C;  the  divisions 
in  the  true  section  A,  then  the  length  of  the  slant  lines  in  B, 
following  the  numbers  in  regular  order  until  the  last  line  6-6'  inG 
is  obtained,  tliis  line  being  obtained  from  6-6'  in  elevation.  Trace 
lines  as  shown  from  1  to  6  and  from  1 '  to  6',  which  give  the  half 
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X)attem.  Trace  the  other  half  opposite  the  line  1-1 '  as  shown  by 
6*  6\  Then  will  6-1  -6^-6^-1  '-6'  be  the  fall  pattern  with  joint  at 
6-6'  in  elevation 
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5HEET  METAL  WORK. 

PART  II. 


PROBLEilS  FOR  LIGHT  QAUQE  HETAL. 

It  is  often  the  case  that  the  sheet 
metal  worker  receives  plans  for 
vent,  heat,  or  blower  pipes  to  be 
constructed,  in  which  the  trne 
lengths  and  angles  are  not  shown 
but  must  l>e  obtained  from  the 
plans  or  measurements  at  the 
building. 

Figs.  65  and  66  show  the  prin- 
ciples employed  for  obtaining  the 
true  angles  and  lengths  in  oblique 
piping,  it  being  immaterial  whether 
the  piping  is  round,  square,  or  oval 
in  section.  The  only  safe  way  in 
obtaining  these  angles  is  to  use  the 
center  line  as  a  basis  and  after  this 
line  has  been  obtained,  build  the 
pipe  around  it,  so  to  speak.  In  Fig. 
65  let  A  B  C  represent  the  eleva- 
tion of  the  elbow  shown  in  plan  by 
D  E.  Through  the  center  of  the 
pipes  draw  the  center  line  abed 
which  intersect  the  center  lines  of 
the  pipe  in  plan  at  e  and/'.  In  ele- 
vation the  rise  of  the  middle  piece 
B  on  the  center  line  is  equal  to  h  c 
and  projects  to  the  right  a  distance 
equal  to  h  //,  shown  in  plan  by  t^/*; 
this  same  pipe  projects  forward  in 
plan  a  distance  equal  to^a.     While  the  miter  lines  in  elevation  l  j 
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and  h  I  have  been  drawn  straight,  they  would  in  reality  show  curved 
lines;  those  lines  have  not  been  projected  as  there  is  no  necessity 
for  doing  so. 

With  the  various  heights  and  projections  in  plan  and  eleva- 
tion the  true  length  and  true  angles  are  obtained  as  shown  in  Fi^- 


TRUE    LENGTH  AND 
ANGLES 


Fig.  66. 

00,  in  which  draw  the  liorizontal  lino  ^y  equal  to  e  J"\\\  plan  in 
Fig.  05.  Take  the  hoitrht  from  h  to  c  and  place  it  from  y  to  r  in 
Fiij.  00  on  a  vortical  line  erected  from  f.  Draw  a  line  from  t  to 
('  which  is  the  true  lencrth  on  the  center  line  of  the  pij)e  shown  by 
li  in  elevation  in  Fitr.  r)5.  From  the  points  r  and  e  in  Fig.  0^) 
dniw  perpendicular  lines,  making  1  <X  and  X  c Z  =  the  true  angles 
shown  by  ((  h  X.  and  X  r  d  respectively  in  Fig.  05.  On  either 
side  of  the  center  line  in  Fig.  0^)  lay  off  the  half  diameter  of  the 
pipe  as  shown,  and  in  its  projH»r  position   draw  the    profile  W. 
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Divide  thia  into  equal  epKces  and  ulituin  tin-  imltvrn  A  B  D  £  O 
iu  tliw  usuhI  tniuiner.  Aa  iiulli  aupli-s  aii-  siiuilar  the  miter  cut 
C  E  D  can  Im  nuM  for  all  of  the  jMittfrns.  In  di-awitig  tliis  prob- 
IfiD  for  iinic-tioe  make  the  ifiameter  of  llie  pipe  3  indies,  the  height 
from  A  to  (■  ;J|  inehes  in  V\^.  f>o,  thu  p to jei-tion  />  to  A  ;!J  int-hes, 
nod  thtt  projection  in  plan  f  to  it  o\  inclu-a. 

Our  next  prohleiii  [a  that  of  a.  rain-water  cnt-olT.  a  perspective 
viewijf  wliii'h  is  shown  in  Fig,  IJ7.  While  the  miter  cuts  in  this  prob- 
l«m  are  Biiiiilar  to  elbow  work  the  iiiterset'linti  between  llie  two 
WveleU  anna,  and  the  cut-off  or  sliile  on  the  iusid.'  require  atten- 
tion. Make  tli«<)iameter  of  the 
three  oiK-i»inga  each  2  inche»<;  A 
10  B(Fifr.')fSj  IJ  inches.  From 
D  at  ttti  angle  of  45°  draw  B  V  H^ 
inches  and  (!  D  2  inches.  From 
(i  draw  tlip  vertical  miter  line 
ti  ft.  Make  thedistance  from  B 
toTi  inch.  Place  tlie  line  r/e 
of  the  cur -off  j^  inch  almve  thu 
liiie  T  V  as  indicated  at"  and 
the  linef  <■  to  the  Tijiht  of  /.  (i.  as 
indicated  by  J.  a  distance  of  j''', 
inch.  Parallel  to  (i  II  draw  r  d 
giving  slight  play  room  between 
(i  n.  i»tt"rseclingi'</and  fratf/andfreBjjectively.  From -- at  right 
HHgles  to  (/  r,  draw  a  line  as  shown,  intersecting  A  <4  at/l  which  is 
the  pivot  on  which  the  cut-off  c  iff  will  tarn  either  right  or  left. 
The  angles  of  tlip  pijaa  on  oppoitite  sides  areconstrnctedin  similar 
mannpr;  A  B  C  I)  E  F  (i  II  I  .1  K  L  M.  will  lie  the  elevation,  N. 
Ihtf  m-lion  on  A  M  ami  ()  P  !t  b  the  section  on  I  J.  B  T  U  L 
shnwH  how  far  the  u|i[>er  tube  projects  into  the  iMwly  under  which 
the  ecoop  t- (/ '■  tnrns  rigiit  and  left  to  tlirow  the  rain  water  into 
either  elbow  aa  deainil.  Tlio  [>attern  for  the  npjw^r  piece  A  T  U  M 
id  a  straight  piecw  of  meuil  whose  circnni Terence  ia  equal  lo  N. 

For  thB  pattern  for  (A),  divide  tho  half  section  ()  I'  It  into 
Mjasl  8]M<\-sa3  showFi.  fmm  which  erect  lines  intersetitiiig  the  miter 
line II  Kaa  shown. and  from  which,  parallel  to  K  Land  11 4 i, draw 
inlewet-ling  the  julni  bn.-^  <:  /.   I.  »a  ™h..wri.      As  none  of  tlie 
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linea  just  drawn  interst^t  tlie  corner  A,  it  will  be  necessary  to  ob- 
tain tliia  point  on  the  half  section  O  P  II  from  which  the  stretcli- 
oHt  of  the  pattern  is  taken.  Therefore  from  /(,  [Mrallel  tol>^ 
draw  A  />'  Intersecting  11  K  at  />',  from  which,  parallel  to  K  J,  droV 
a  line  intersecting  the  profile  O  P  R  S  at  /".  At  right  anjiW  "* 
L  K  draw  stretchout  of  (>  P  K  S  as  shown  l>y  similar  ininibers  *"* 
T  1'',  through  which  at  right  angles  to  T'  I''  draw  lines  which  ^^ 
intersected  hy  lines  drawn  at  right  angles  to  L  K  from  similar  i  "' 


tcreei'tioiirt  on  <i  /-  I,  ami  II  K,  A  line  traced  through  points  thus 
olitained  as  shown  liy  X  Y  7.  \  W  will  he  the  |Mitteru  for  (Ai. 
From_/-'in  the  elevation  at  right  angles  to  \,  K  project  a  line  inter- 
secting tile  miter  cut  X  ^'  Z  atf"  and/'".  At/"  and/""  holes  are 
til  he  punched  in  which  the  [livot  /'of  the  scoop  f'd  i-  id  elevation 
will  turn. 

While  the  pattern  f()r(Ii)  can  be  obtained  as  that  for  (A)M"as 
obtained,  a  i-hort  method  is  to  take  the  distance  K  to  J  and  place 
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it  as  shown  from  W  to  J*  and  V  to  J'  on  the  lines  of  the  pattern 
X  ^V  and  Z  V  resjiectively  extended.  W  V  J-  J*  will  be  the  pat- 
tern for  B. 

To  avoid  a  confusion  of  lines  in  the  development  of  the  scoop 
or  cut-off  r  </  ('^  this  has  been  shown  in  Fig.  G9  in  which  d  e  c  is  a 
reproduction  of  d  e  c  in  Fig.  68.  A  true  section  of  the  scoop  must 
now  be  drawn  on  x  e  in  Fig.  69  so  that  its  dimensions  will  allow 
it  to  turn  easily  inside  of  the  joint  line  G  h  in  elevation  in  Fig. 
08.  Therefore  draw  any  horizontal  line  as  4  5  in  Fig.  69,  at  right 
angles  to  which  from /draw  a  vertical  line  intersecting  4  5  at  f. 
Now  take  a  distance  ^^^  inch  less 
than  one-half  the  diameter  of  O  R 
in  Fig.  68,  and  place  it  in  Fig.  69 
on  either  side  of  the  line  4  5  on  the 
vertical  line  just  drawn  as  shown 
from  /'  to  2  and  f  io  2'.  Extend 
</  <•  till  it  intersects  4  5  at  4.  Draw  a 
line  from  4  to  2';  by  bisecting  this 
line  we  obtain  the  line  a  h  intersect- 
ing 4  5  at  /.  Then  with  i  as  center 
and  /  2' as  radius,  describe  the  arc  2'  2. 
From  2  and  2'  draw  horizontal  lines  equal  io  f  e  as  shown  by  2  1 
and  2'  1'.  Then  will  1  4  1'  be  the  true  section  on  x  e.  Divide 
the  half  section  into  equal  spaces  as  shown  from  1  to  4,  from  which 
erect  lines  intersecting  c  e  and  e  d.  Extend  x  e  as  a;  ;,  upon  which 
place  the  stretchout  of  1  4  1'  as  shown  by  similar  numbers  on  x  j^ 
through  which  draw  vertical  lines.  These  lines  intersect  with  hori- 
zontal lines  drawn  from  similar  intersections  on  d  e  c.  Through 
points  thus  obtained  draw  the  line  1  n  V  in  which  is  the  desired 
pattern.  As  the  pivot  hole  ^/ falls  directly  on  line  2,  then  f"\f" 
will  be  the  position  of  the  holes  in  the  pattern.  Laps  must  be 
allowed  to  all  patterns. 

In  putting  up  rectangular  hot  air  pipe  it  is  often  the  case 
that  the  pipe  will  be  placed  in  the  partition  of  one  story,  then  has 
to  fall  forward  and  twist  one  quarter  way  around  to  enter  the  par- 
tition of  the  upper  story  which  runs  at  right  angles  to  the  lower 
one.  A  perspective  view  showing  this  condition  is  shown  in  Fig. 
70,  where  the  upper  opening  turns  one  quarter  on   the  lower  one 
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and  leiiniiiir  to  tlie  right  as  miu-h  as  is  shown  in  Fig.  Tl  in  |i1an- 
This  problem  is  known  as  a  transition  piece  in  a  reclangnlitr  pij*'' 
Kiill  size  measurements  are  given  in  Fig,  71  wliit-h  should  !■>' 
drawn  one-half  size.  The  height  of  the  transition  pieo«  is  1  (""t 
8  inches,  the  size  of  the  o[>ening8.  each  4X10  inches  turned  ^ 
shown,  two  inches  to  the  left  and  two  inches  above  the  lower  sevlio" 
as  sliown.  From  the  plan  construct  the  front  and  side  elevation^  ^ 
siiown  by  the  dotted  lines.  A  B  C  I)  and  E  F  G  II  will  then  ^* 
the  front  and  side  elevations  of   the  transition    piece  respectiv*:^  ■ 


FRONT  ELEVATION 


equal  U,  -JO  un-hi-ti 
uf  tlie  plan  {"}.[''< 
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in  Vi 

inches  for  practice.  Number  each  side 
iiid  ['/).  Titruugli  the  front  and  side 
ical  and  lu»rizontal  lines  S  T  and  V  V 
These  lines  are  only  used  as  bases  for 
uing  the  jiatterns.  For  the  pattern  for 
ilaii  take  the  length  of  B  C  and  place  it 
in  Fig.  ~'Z.  Tlirotigh  the  points  B  and 
les  K  F  and  H  (J.  making  B  F  and  B  E. 
es|)ectively  to  the  distances  measured  from 
to  jKiints  F,  E.  (t,  II.  Uraw  lines  from 
g,  12,  which  is  the  pattern  for  (a). 
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For  the  pattern  for  (l>)  in  Fig.  71  take  the  distance  of  A  I), 
and  place  it  as  shown  by  A  D  in  Fig.  72;  through  A  and  D  draw 
JE  F  and  H  G,  making  A  F  and  A  E,  and  D  G  and  D  II  equal 


Fig.  72, 

fespecti vely  to  the  distances  measured  from  the  line  U  V  in  side 
elevation  in  Fig.  71  to  points  F,  E,  G,  II.  Draw  lines  from  E 
to  H  and  F  to  G  in  Fig.  72,  which  will  be  the  pattern  for  (b).  In 
similar  manner  obtain  the  patterns  for  (c)  and  (d)  in  plan  in  Fig.  71. 
The  lenrrths  of  E  II  and  F  G  are  placed  as  shown  by  similar  letters 


Fig.  73. 


Fig.  74. 


in  Fig.  72,  while  the  projections  to  A,  13,  (\  I)  are  obtained 
from  A,  B,  C,  D  in  front  elevation  in  Fig.  71,  measuring  in 
each  instance  from  S  T. 

If  desired  the  top  and  lower  flange  shown  in  the  perspective 
in  Fig.  70  can  be  added  to  the  patterns  in  Fig.  72.  Lh|)s  are 
allowed  to  the  patterns  to  allow  for  double  seaming  at  corners,  if, 
however,  the  pattern  should  be  required  in  one  piece,  it  won  Id  only 
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be 
Bbown 


to  join  the  various  pieces  in  their  proper  positions  as 
(/  /*  f  in  Fig.  73,  wbich  would  bring  the  seam  on  the 
line  J  N  in  plan  in  Fig.  71. 
In  Fig.  74isshuwn  a  per- 
spective view  of  a  curved 
rectangular  chute  the  con- 
struction of  which  arises  in 
piping  and  blower  work.  The 
problem  as  here  presented 
shows  the  sides  <i  and  a  in 
vertical  planes  having  the 
same  beigbt,  while  the  bot- 
tom h  has  more  width  than 
the  top  c'.  The  top  o[)ening 
is  to  rise  above  the  bottuiti 
opening  a  given  distance 
equal  to  0.  First  draw  the 
plan  and  elevation  as  shown 
iu  Fig.  75.  make  A  Bequal  to 
2inches,BS2J  inches;with 
a  radius  equal  to  i  inch,  with 
'/  as  center  draw  the  quarter 
circle  «  2.  From  2  draw  the 
vertical  line  2  C  equal  to  l^ 
inches anddrawC  Dequal  to 
li  inches.  Make  I)  1  equal 
to  ('  2  and  using  "  as  center 
and  <f  1  as  radius  draw  the 
lire  1  h.  From  A  draw  a 
line  tangent  to  i  A  as  A  T. 
A  I!  (■  1)  will  Iwthe  plan  of 
the  chute.  In  line  with  A  IJ 
dr:iw  the  section  ST  T  V. 
In  line  with  IX'  dniw  the 
...■clii.n  KFl  il  as  shown. 
I'hiec  the  desirtnl  ris<'  of  the 
chute  Jis  sihowii  by  F  /  iu  ele- 
■utul  line  as  /'  K,  which  intersect  by 
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a  line  drawn  from  A  B  in  plan  as  shown.  Make  K  J  equal  to  F  E 
and  draw  the  lines  ¥  K,  K  I,  and  E  J,  J  H.  F  E  J  K  is  the  eleva- 
tion of  the  ontside  curve,  H  I  K  J  the  inside  curve,  F  I  K  the 
bottom,  and  E  H  J  the  top. 

Having  the  plan  and  elevation  in  position  we  will  first  draw 

« 

the  pattern  for  the  two  vertical  sides.  For  the  pattern  for  the  side 
of  the  chute  shown  by  B  C  in  plan  proceed  as  follows:  Divide 
the  inner  curve  2  to  8  into  equal  parts  as  shown  by  2-4-6  and  8, 
from  which  points  drop  lines  intersecting  the  inside  of  the  chute  in 
plan  HJKIas  shown.  At  right  angles  to  J  Kdra\y  LM,  upon  which 
place  the  stretchout  of  B  C  in  plan  as  shown  by  similar  letters  and 
numbers  on  L  M,  through  which  draw  vertical  lines  which  inter- 
sect lines  drawn  parallel  to  L  M  from  II  J.  Through  points  thus 
obtained  draw  the  line  R  2^  4^  6^  8^'N.     The  same  method  can 
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l)e  employed  for  the  curve  P  (),  but  as  the  height  H  I  and  J  K  are 
equal,  having  a  common  profile  B  C\  take  the  height  of  II  lor  J  K 
and  place  it  on  vertical  lines  as  II  P  and  N  O  and  trace  the  curve 
R  N  as  shown  by  P  O.  J^  O  P  R  is  the  pattern  for  C  B  in  plan; 
To  obtain  the  pattern  for  the  outside  curve  divide  the  curve  1-7 
into  equal  parts  as  shown,  from  which  drop  vertical  lines  inter- 
secting similar  j)oints  in  E  J  K  F,  in  elevation  at  right  angles  to 
E  F  draw  W  X,  upon  which  place  the  stretchout  of  D  A  in  plan  as 
r^hown.  From  the  divisions  on  W  X  drop  vertical  lines,  which 
intersect  by  lines  drawn  from  similar  numbered  intersections  on 
E  J.  Trac«  a  line  through  these  points  as  shown  by  r /'and  draw 
//  ^  as  explained  in  connection  with  the  inside  pattern,  r  d  e/"\8 
the  j>attern  for  the  outside  of  the  chute  shown  in  plan  by  I)  A. 

As  lK)th  the  top  and  bottom  of  the  chute  have  the  same  bevel, 
the  pattern  for  one  will  answer  for  the  other.  Connect  opposite 
|)oints  in  plan  as  shown  from  ('  to  1  to  2  to  ;5  up  to  H,  then  to  A. 
In  similar  manner  connect  similar  points  on  the  bottom  in  eleva- 
tion as  shown  from  1  to  2  up  to  K.     The  lines  in  phm  represent 
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tbe  liases  of  the  sections  whose  altitudes  are  equal  to  the  varloiiE 
heights  in  elevatioo,  measured  from  1  K.  Take  the  various  leut^tlis 
from  3  to  3  to  4  too  toO  to  7  to  8  to  A  in  plan  and  place  them  as  shown 
by  similar  numbers  on  the  horizontal  line  a  h  (Fig.  76);  throii<rli 
a  h  draw  vertical  lines,  equal  in  height  to  similar  numbers  in  ele- 
vation, in  Fig.  75,  measured  from  the  line  /  K,  For  example  take 
the  distance  4  ij  in  plan  and  place  it  as  shown  by  4  5  in  Fig.  7li. 
Erect  perpendiculars  4  4'  and  5  5'  equal  to  4"  4  and  5"  5  in  eleva- 
tion in  Fig.  75.  Draw  a  line  from  4'  to  5'  in  Fig.  76,  which  is  the 
true  length  of  4  5  in  plan  in  Fig,  75,  Proceed  in  similar  manner 
for  the  balance  of  the  sii'tioris.  Take  a  tracing  of  1  2  0  D  in  plan 
and  place  it  iis  shown  liy  1,  2,  C,  1>  in  Fig.  77.     Kow  using  1  as 


i.   i„  Fie.    -■  » 

liirl 
]  K 

J'"  4>'  in  1  V  1  i.i 
.ic  at  4  wlii.li  is 

iiti'i 

r  V.  V\f.  -a.  us  r 
Is  ra'.iiiis,  first  tlj< 

•III. 

!.v  an  ai. 


k  fn.nr 
■e  liji.-s 


I.  in  Fig.  7."),  as  radius,  descril>e  the  arc  at 
i,s  intersected  by  an  are.  struck  from  L'  as 
:.  711.  as  radius.  Now  with  radius  equal  to 
5  iind  'Z  ill  Fig.  77  as  center,  descrihe  the 
i-cted  by  an  jirc.  struck  from  3  as  center  and 
l'r*Hve(l  ill  this  niiinner.  using  alternately 
sions  in  thf  jialterii  (\}.  Fig,  75,  then  the 
,  the  divisions  in  the  pattern  (Y).  Fig.  75. 
Fig.  70  until  the  line  7  N.  Fig.  77,  has  l>een 
7  iis  eeiiler.  Willi  a  line  equal  to  ~\r'\n  fX), 
erilie  the  arc  A.  Fig.  77.  which  is  inler- 
■k  from  S  as  <-eiiter  and  8'  A.  Fig,  7(1. 
nidius.  ei|iiul  to  s^'  N  in  (Y),  Fig.  75,  and 
deserilx'  tin'  arc  IS,  which  is  intei-sei'tetl 
.\  as  center  anil    A    1!  in   plan   in   Fig,  75 


Ills 
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and  A  B  C  D  will  be  the  desired  pattern.     Laps  must  be  allowed 
on  all  patterns  for  double  seaming  the  corners. 

In  Fig.  78  is  shown  a  perspective  view  of  a  hopper  register 
box  usually  made  from  bright  tin  or  galvanized  iron  in  hot  air 
piping.  In  drawing  this  problem,  the  student  should  first  draw 
the  half  plan,  making  the  semi- 
circle 3|  inches  diameter,  and 
placing  it  directly  in  the  center 
of  the  rectangular  top,  which 
is  8|  inches  wide  and  5|  inches 
long.  Draw  the  elevation  from 
the  plan  as  shown  by  A  B  C  D 
E  F  G  H,  making  the  vertical 
height  V  W,  2J  inches,  and  the 
flanges  at  the  top  and  bottom 
each  i  inch.  I  K  L  M  in  plan 
is  the  horizontal  section  on  A  B 
in  elevation  and  O  P  R  the  sec- 
tion on  E  F. 

The  pattern  will  be  devel- 
oped  by  triangulation,  and  the 
first  step  is  to  develop  a  set  of  triangles.  Divide  the  quarter  circle 
()  R  into  equal  spaces,  as  shown  by  the  numbers  1  to  7  in  plan,  from 
which  draw  lines  to  the  apex  M.  These  lines  represent  the  bases 
of  triangles  whose  vertical  height  is  equal  to  V^  AV  in  elevation. 
Tlierefore,  in  Fig.  80,  draw  any  horizontal  line  as  T  U,  upon  which 

place  the  various  lengths  M  1,  M  2,  M  3,  etc.) 
Fig.  79)  as  shown  by  similar  numbers  on 
T  U.  From  T  U  erect  the  line  T  S  equal  to 
the  vertical  height  V  W  (Fig.  79).  Then 
draw  the  hypotenuses  SI,  S  2,  S  3,  etc.,  in 
Fig.  80,  which  represent  the  true  lengths  of 
similar  numbered  lines  in  plan  in  Fig.  70. 
For  the  half  pattern  with  seams  on  I  ()  and 
P  K  in  plan,  take  a  tracing  of  D  V  W  in  elevation  and  place  it 
as  shown  by  D  V  7  in  Fig.  81.  Now  using  D  as  center,  and  with 
radii  equal  to  the  various  slant  lines  in  Fig.  SO  from  S  1  to  S  7 
strike  sn.all  arcs  as  shown  from  1  to  7  in  Fig.  81.     Set  the  dividers 


Fig.  80. 


811 


SHEET  METAL  WORK 


equal  to  the  spaces  contained  in  O  E,  in  Fig.  79,  and  starting  from 
point  7,  in  Fig.  81,  etep  from  one  arc  to  another  nntil  1  is  obtained. 
Then  using  1  as  center  and  E  D  (Fig,  70)  as  radius  describe 
the  arc  D'  in  Fig,  81 ,     "Witli  D  as  center  and  M  I  in  plan  in  Fig. 


Fig.  81. 

70  as  radius,  draw  another  arc  intersecting  the  one  previously 
drawn  at  J)'.  Draw  a  line  frainl  toD'toD  inFig.  SI,  7  1  1)'  U  V 
is  the  quarter  ])attt'rii,  and  the  left-hand  side  of  the  figure  may  l>e 
made  by  tracing  the  quarter  pattern  reversed  as  shown  by  V  C  D" 
1'  7.  Take  tlie  distance  of  the  flange  D  A  in  elevation  in  Fig.  70 
and  place  it  %t  right  angles  to  the  line  T)'  D,  D  C,  C  D"  as  shown 
respectively  by  A"  A'.  A  A"  and  A^  A*,  which  completes  the  half 
"      veil  as  shown 

The  pattern  for  the  collar  E  F  G  II  in 
I'levation  in  Fig.  711  is  simply  a  straight 
btrip  o'  iii'etal,  equal  to  the  circumference 
ofO  Plliirplan. 

It  is  oflon  the  case  that  two  unequal 
[.i|,es  are 


pattern  with  laps  allii 


:  to  be  connected  by  means  of  a 
1  piece  as  shown  by  A  in  Fig.  H'2, 
of  till*  pi|)e9  being  cut  at  right 


l.la.vd  . 


of  the  In.nsitiu 
|,ing  i.  transili. 
,-.  The 
'ii.d  at  ail  aiigi,.  of  .t-". 
li-awl'.  II)  4inc!i.'s1oii 
the  seiiiicircl.'    I  :f  T,. 


ell  other.  As  the  centers  of 
line  wht'ii  viewed  in  plan,  making  both 
I  |iir('i>  fipiiil.  ihe  jiroblem  then  consistm  of 
1  piece,  from  a  nmiid  base  to  a  round  top 
el'iire  in  Fig,  >■'■]  draw  1  5  equal  to  2|  inches, 
liraw  r>  l'>  i;{  Luehes.  At  nght.anglcs  to  1  5 
r  and  draw  a  line  from  10  to  1.  On  ly  draw 
and  (111   (J  III  draw  (he  semicircle  G  8' 10. 
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Divide  both  of  these  into  equal  spaces  as  shown,  from  which  draw 
lines  perpendicular  to  their  respective  base  lines.  Connect  opposita 
poiots  as  shown  by  the  dottvd  lines,  and  construct  a  diagram  of 


I  L      r^  a  4  ii  ft  -r  & 


7  S  9    K) 


FiR.  81. 

sections  as  shown  in  Fig.  S4  whose  bases  and  heights  are  equal  to 
similar  nnmbertid  bases  and  heights  in  Fig.  83.  For  example,  take 
the  distance  4  8  and  place  it  as  shown  by  4  8  in  Fig.  84,  from  which 
points  erect  the  vertical  lines  4  4'  and  8.8'  equal  to  4  4'  and  8  8'  in 
Fig.  83,     l>iaw  a  line  from   4'  to  8',  Fig.  84,  which  is  the  true 


Fig.  St. 


Fifj.  HO. 


length  on  similar  line  in  Fig.  s;t.  For  lli.'  [nitterii  tiiki-  tht'  dia- 
tance  of  1  10  and  place  it  as  shown  by  1  10  in  Fig.  So.  I'sing  1 
as  center,  and  1  3',  Fig.  83,  as  rjidina,  describe  the  arc  2  in  Fig.  85; 
intursect  it  by  an  arp  struck  from  10  as  center  and  10  2',  Fig.  84. 
aa  radina.  Tiieii  using  10  !>'  in  Fig.  Ni!  as  radius,  ajid  10,  Fig.  85,  as 
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center,  describe  the  arc  9,  and  intersect  it  by  an  arc  struck  from  2 
as  center,  and  2'  9',  Fig.  84,  as  radius.  Proceed  in  this  manner 
using  alternately  as  radii,  first  the  divisions  in  the  half  profile 
1  3'  5,  Fig.  83,  then  the  length  of  the  projHJr  hypotenuse  in  Fitj. 
84,  then  the  divisions  in  G  8'  10  in  Fig.  83;  then  again  the  hypot- 
enuse in  Fig.  84  until  the  line  5  6  in  Fig.  85  has  been  obtained, 
which  is  equal  to  5  (5  in  Fig.  83.  Laps  should  be  allowed  for 
rivetintr  and  seaming  as  shown. 


ELEVATION 


C-K>f  4 f  - 


PLAN 


Fi^'.  87. 


It)  Fiix-  ^**>  i^  .^liow  n  a  |HM'spec*tive  of  an  offset  connecting 
a  round  pipe  with  :in  oMonir  |>ipt»,  having  rounded  corners. 

Tilt'  lirst  step  is  to  properly  draw  the  elevation  and  plan  as 
shown  in  Fig.  '^T.  l>raw  the  horizontal  line  A  B  equal  to  one 
ineh,  1>  T)'  one  ineli.and  fnun  5'  at  an  angle  of  45^'  draw  5'  (V  equal 
U)  *2J  inelies  and  iV  ('  I  \  inehes.  Make  the  diameter  CD  2^  inches 
and  I);  n'  \'l  inehes.     Make  A  1'  A  inch  and  drawaline  from  1'  to 
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2' 


6'      ^^-___^_^__j;f  fj- 


-5' 


10'  which  completes  the  elevation.  Directly  above  the  line  A  B 
draw  the  section  of  the  oblong  pipe,  making  the  sides  1  1  and  5  5 
equal  to  lA  inches,  to  which  describe  the  semicircles  on  each  end 
as  shown.  In  similar  manner  draw  the  section  on  1)  C,  which  is 
shown  by  0  8  10  8.  A  duplicate  of  the  oblong  pipe  is  also  shown 
in  plan  by  E  F,  showing  that  the  centers  of  the  pipe  come  in  one 
line,  making  both  halves  symmetrical. 

The  patterns  for  the  pipes  will  first  be  obtained.  Divide  the 
semicircular  ends  of  the  oblong  section  into  equal  parts,  in  this 
ease  four,  also  each  of  the  semicircles  of  the  round  pipe  in  similar 
number  of  parts  as  shown  respectively  from  1  to  5  and  0  to  10.  Draw 
vertical  lines  from  these  intersections  cutting  the  miter  line  of  the 
oblong  pipe  at  1'  2'  3'  4'  5'  and  the  miter  line  of  the  round  pipe  at 
r/  7  8'  9'  and  10'.  In  line  with  A  B  draw 
B  M,  upon  which  place  the  stretchout  of 
the  oblong  pipe  as  shown  by  similar  num- 
Ixjrs;  from  B  M  drop  vertical  lines  inter- 
secting the  lines  drawn  parallel  to  B  M 
from  similarly  numbered  points  on  1'  5'. 
Trace  a  line  through  points  thus  obtained, 

and  P  N  O  will  be  the  pattern  for  the  oblong  pipe.  INow  take  the 
stretchout  of  the  round  pipe,  and  place  it  on  C  H ;  erect  vertical  lines 
as  shown  intersecting  the  lines  drawn  parallel  to  C  H  from  similar 
intersections  on  G'  10'.  I  J  II  C  is  the  pattern  for  the  round  pipe. 

The  transition  piece  1'  5'  6'  10'  will  be  developed  by  triangu- 
lation,  and  it  is  usual  to  obtain  true  sections  on  the  lines  1'  5'  and 
6'  10';  however,  in  this  case  it  can  be  omitted  because  we  have  the 
true  lengths  of  the  various  divisions  on  the  lines  1'  5'  and  6'  10'  in 
the  miter  cuts  in  P  and  L  respectively. 

The  next  step  is  to  obtain  a  diagram  of  sections  giving  the 
true  lengths,  for  which  proceed  as  follows:  Connect  opposite  |)oints 
in  elevation  as  shown  from  1'  to  9'  to  2'  to  8'  to  3'  etc.,  as  shown. 
For  example  draw  center  lines  through  the  oblong  and  round  sec- 
tions as  shown  hj  a  b  and  r  d  respectively,  and  take  the  length  of 
1'  10'  in  elevation  and  place  it  as  shown  from  1  to  10  in  Fig.  88. 
From  1  draw  the  vertical  line  1  1'  equal  to  the  height  of  1  in  the 
oblong  section  in  Fig.  87  above  the  center  line  a  h.  As  point  10 
in  plan  has  no  height,  it  falls  on  the  center  line  c  d  in  plan,  then 
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draw  a  line  from  1'  to  10  in  Fig.  88.  Now  take  the  distance  from 
1'  to  SY  in  elevation,  Ficr.  87,  and  place  it  as  shown  from  1  to  i>  in 
Fig.  88.  Erect  the  lines  1  1'  and  9  {Y  equal  to  points  1  and  9  in 
the  oblong  and  round  sections  in  Fig.  87,  measured  respectively 
from  the  lines  a  h  and  c  d.  Draw  a  line  from  1'  to  9'  in  Fig.  87. 
Proceed  in  this  manner  until  all  of  the  sections  are  obtained.  For 
the  jwttern  proceed  as  shown  in  Fig.  89,  in  which  draw  any  verti- 
cal line  as  e  10  equal  to  1'  10'  in  elevation  in  Fig.  87.  Now,  with 
one-half  of  1  1  in  pattern  P  as  6  1  as  radius,  and  e  in  Fig.  89  as 
center,  describe  the  arc  1  which  is  intersected  by  an  arc  struck 
from  10  as  ctMiter  and  10  1',  in  Fig.  88  as  radius.  With  radius 
equal  to  10"  9"  in  pattern  L  in  Fig.  87,  and  10  in  Fig.  89  as  center 
describe  the  arc  9,  which  is  intersected  by  an  arc  struck  from  1  as 
center  and  1'  9',  in  Fig.  88  as  radius.  Now,  using  as  radius  V  2" 
in  pattern  P  in  Fig.  87  and  1  in  Fig.  89  as  center,  describe  the 
arc  2  which  is  inters(H*t(»d  by  an  arc  struck  from  9  as  center  and 
9'  2'  in  Fig.  88  as  radius. 

Proceed  in  this  manner,  using  alternately  as  radii,  first  the 
divisions  in  the  ])attern  cut  I  J,  Fig.  87,  then  the  length  of  the 
slant  lines  in  Fig.  8s,  the  divisions  in  the  cut  O  N  in  Fig.  87,  then 
again  the  slant  lines  in  Fig.  88  until  the  line  5  6  in  pattern.  Fig. 
S9,  has  ])een  obtained.  TIumi  using  5  as  center  and  1  e  in  P,  Fig. 
87,  as  radius,  describe  the  arc  r'  in  Fig.  89,  and  intersect  it  by  an 
arc  struck  from  <>  as  ccnttM*  and  0'  5'  in  elevation  in  Fiir.  87  as 
radius.  Draw  lines  through  tlu^  various  intersei'tions  in  Fig.  S9; 
10  ^'  <'  0  is  the  half  patttM'n.  J3y  tracing  it  opposite  the  line  /  10. 
as  sliown  by  '  V  T)  r"  ()'  10,  the  whole  j)att(»rn,  r  e  e"  (V  10  f), 
is  found.  Laps  should  be  allowed  on  all  patterns  for  seaming  or 
rivetintx  both  in  Kiixs.  S7  and  SO. 

In  Fig.  00  is  shown  a  j)erspective  view  of  a  three-way  branch 
round  to  round,  the  inl(4  A  being  a  true  circle,  and  the  outlets  1>,  i\ 
and  I)  also  bein<r  tru(^  circles,  the  centers  of  which  are  in  the  same 
vertical  |)lane,  thus  making  both  sides  of  the  branch  symmetrical. 

First  draw  the  elevation  and  the  various  sections  as  shown  in 
Fig.  01.  Draw  the  center  line  ff  h.  From  />  draw  the  center  line 
of  the  branch  ('  at  an  angle  of  5S  as  shown  by  h  </.  Make  the 
center  lines  //  A  and  h  d  each  HA  inches  long.  Make  the  half 
diameter  of  the  ])ranch  B  at  the  outlet  •]  inch,  and  the  full  diain- 
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eter  of  the  branch  C  at  the  outlet  1^  inches  placed  on  either  side 
of  and  at  right  angles  to  the  center  lines.  Draw  a  line  from  c  to_/| 
and  with  l  and  h  as  centers  and  radii  equal  to  ^  iiK-h  draw  arcs 
intersecting  each  other  at  c.  Draw  lines  from  /'  to  r  to  //.  In 
similar  manner  obtain  A  and  the  opposite  half  of  li.  ABC  is 
the  elevation  of  the  three  brnnclies  whose  sections  on  outlet  lines 
are  shown  respectively  by  G  V  and  E  and  whose  section  on  the 
inlet  line  is  shown  by  D. 

Tlie  next  step  is  to  obtain  a  true  section  on  the  miter  line  or 
line  of  joint  i  c.     Knowing  the  height  i  '■  and  the  width  at  the 


bottom,  which  is  equal  to  the  diameter  of  I>,  the  shape  nm  be 
drawn  at  pleasure  as  shown  in  Fig,  92,  /y  r  is  drawn  eqnal  to  //  c, 
Fi^.  91,  while  id  and  f/u  are  equal  to  the  half  diameter  D  in  Fig. 
!tl.  Now  through  a  c  il  in  Fig.  92  draw  the  profile  at  pleasure  as 
shown,  which  represents  the  true  section  on  '■  h  in  Fig.  91, 

As  the  side  branches'  A  and  C  are  alike,  only  one  pattern  will 
l>e  required,  also  a  separate  |)attern  for  the  center  hraneh  both  of 
which  will  be  developed  by  triaugulation.  To  obtain  the  measure- 
ments for  the  sections  for  the  center  branch  B,  proceed  as  shown 
in  Fig.  93  where  1  4  5  8  is  a  reproduction  of  one-half  the  branch 
B  in  Fig.  91.  As  the  four  quarters  of  this  center  branch  are  alike 
anly  one  quarter  pattern  will  be  developed;  then,  if  desired,  the 
quarter  patterns  can  be  joined  together,  forming  one  pattern.    Now 
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take  a  tracing  of  r  h  a„  Fig.  92,  and  j)lace  it  on  the  line  5  8  ^^ 
shown  in  Fig.  93.     Similarly  take  a  tracing  of  the  quarter  proti^^ 
F  in  Fig.  91  and  place  it  on  the  line  4  1  in  Fig.  93.     Divide  tb« 
two  profiles  1'  4  and  5  8'  each  into  the  same  number  of  spaces  *^ 
shown  respectively  by  points  1'  2'  3'  4  a"d  5  6'  T  8',  from  whi<^*^ 
points   at   right   angles   to  their    respective    base   lines  1  4  ai*^ 
5  8  draw  lines  intersecting  the  base  lines  at  1  2  3  4  and  5  6  7^- 
Now  draw  solid  lines  from  3  to  0  and  2  to  7  and  dotted  lines  fro  ^'* 
3  to  5,  2  to  T),  and  1  to  7.     These  solid  and  dotted  lines  represe^^^ 


Fig.  91.  Fig.  92.  Fig.  a3. 

tJK-  !;ases  of  the  sections  whose  altitudes  are  equal  to  the  various 
lieights  of  tlic*  profiles  in  Fig.  9;{.  The  slant  lines  in  Fig.  94  rep- 
resent the  true  distances  on  similar  lines  in  Fig.  93,  as  those  in 
Fig.  95  represent  the  true  distances  on  dotted  lines  in  Fig.  93. 

For  the  })attern  take  the  length  of  1'  8',  Fig.  94,  and  place  it 
as  shown  by  1  8  in  Fig.  90,  and  using  8  as  center  and  8'  7'  in 
Fig.  93  as  radius  draw  the  arc  7,  which  intersect  by  an  arc  struck 
from  1  as  center  and  1'  7'  in  Fig.  95  as  radius.  Then  using  1'  2' 
in  Fig.  93  as  radius  draw  the  arc  2,  which  intersect  by  an  arc 
struck  from  7  as  center  and  7'  2'  in  Fig.  94  as  radius.  Proceed 
in  this  manner  until  the   line  4  5   in   Fig.  96  has  been  obtained 
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which  e<]uiils  4  5  in  Fig.  93.  Trace  a  line  throngh  points  thus 
obtained  in  Fig.  90,  then  will  14  5  8  1  give  the  quarter  pattern. 

If  the  pattern  is  desired  in  one  j)iece  trace  as  shown  by 
similar  figures,  to  which  laj)s  must  be  allowed  for  riveting. 

As  the  two  branches  A  and  C  in  Fig.  91  are  alike,  one  pat- 
tern will  answer  for  the  two.  Therefore  let  1  7  8  11  14  in  Fig. 
$^7  be  a  reproduction  of  the  branch  C  in  Fig.  91.  Now  take  a  trac- 
iiig  of  a  h  c  in  Fig.  92  and  place  it  as  shown  by  IT  11  8  in  Fig. 
1^7;  also  take  a  tracing  of  the  half  section  E  and  the  quarter  sec- 
tion Din  Fig.  91  and  place  them  as  shown  respectively  by  1  4'  7  and 


I L 


I     I 


Fig.  96. 


1      2    3         5  6  7 
Fig.  95. 


U  ir  14  in  Fig.  97.  Now  divide  the  two  lower  profiles  8  11  and 
ir  14  each  into  3  equal  parts,  and  the  up|)er  protile  7  4'  1  into  G 
equal  parts  as  shown  by  the  small  figures  8  to  11',  11'  to  14  and  1 
to  7.  From  these  points,  at  right  angles  to  the  various  base  lines, 
draw  lines,  intersecting  the  base  lines  as  shown  by  similar  num- 
bers. Draw  ^olid  and  dotted  lines  as  shown,  and  construct  the 
sections  on  solid  lines  as  shown  in  Fit;.  98  and  the  sections  on 
dotted  lines  as  shown  in  Fig.  99  in  precisely  the  same  manner  as 
described  in  connection  with  Fi^js.  94  and  95. 

In  Fig.  100  is  shown  the  pattern  shape  (to  which  laps  must 
be  allowed  for  riveting)  obtained  as  was  the  development  of  Fig. 
96.  First  draw  the  vertical  line  1  14,  P^ig.  100,  equal  to  1  14  in 
Fig.  97.  Then  use  alternately  as  radii,  first  the  divisions  in  1  4'  7  in 
Fig.  97,  the  pro{)er  slant  line  in  Figs.  98  and  99  and  the  divisions 
in  11'  14  until  the  line  4  11,  Fig.  100,  is  obtained.    Starting  from 
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the  point  11  uBeas  radii  in  their  regnlar  order  the  distances  marked 
off  hetween  11'  and  8,  Fig.  97,  then  the  proper  elant  lines  in  Figs. 
98  and  99,  the  distances  shown  in  the  semicircle,  1  4'  7,  Fig.yV, 
until  the  line  7  8,  Fig.  100,  iadrawn  equal  to 7  8,  in  Fig.  97.   Then 


7'^// 


Fi(j.  as. 


Fig.  99. 


17  8  11  14,  Fig.  100,  Mill  be  the  half  fiattern.  If  the  pattern  is 
desired  in  one  piece  trace  1  7'  8'  11'  1-t  opposite  the  line  1  14 
as  shown. 

In  Fig.  101  is  shown  a  [)ers[)ective  view  of  a  two-branch  fork 
oval  to  round,  commonly  used  as   breeching  for  two  l)oilers.     As 


Vig.  UK). 


FiR.  101. 
'  sYinirietriciil  tlie  pattern  for  one  ■ 


Wth  halves  of   the   fork  ; 
answer  for  the  otlicr. 

While  the  side  elevation  sliown  in  Fig.  102  is  drawn  com- 
plete, it  is  only  necessary  In  j)ra<tice.  to  draw  one  half  as  follows. 
and  then,  if  desirwl,  the  other  hiilf  elevation  can  be  traced  opposite 
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to  the  center  line  E  J.  First  draw  J  B,  li  inches,  equal  to  the 
half  diameter  of  the  outlet,  and  the  vertical  center  height  J  V,  2 J 
inches.  Establish  the  height  of  the  joint  J  E  one  inch,  and  the 
desired  projection  V  D  on  the  base  line  1^  inches.  Draw  the 
length  of  the  inlet  D  C  2|  inches,  and  draw  a  line  from  C  to  B 
and  D  to  E.  Draw  a  similar  figure  opposite  the  line  J  E,  and 
A  B  C  D  E  F  G  shows  the  side  elevation  of  the  fork.  In  their 
proper  position  below  A  B  draw  the  sections  M  and  N  w^hose 
semicircular  ends  are  struck  from  a  h  e  and  d  with  radii  equal  to 
A  inch.     Now  draw  an  end  elevation  in  which  the  true  section  on 


e 

I  END 

I  ELEVATION 


Fig.  102. 

J  E  is  obtained.  Draw  the  center  line  f  e  and  extend  the  lines 
A  B  and  G  C  in  elevation  as  A  P  and  G  S.  Take  the  half  diam- 
eter L  J  and  place  it  on  either  side  of  ^^as  shown  by  O  P.  In  a 
similar  manner  take  the  half  diameter  of  the  section  N  as  d  i  and 
place  it  on  either  side  of  ef  as  shown  by  R  8.  Then  O  P  S  K 
shows  the  end  elevation.  Draw  ET  intersecting  </*  at  T.  Now 
draw  the  curve  O  T  P,  which  in  this  case  is  struck  from  the  center 
U,  being  obtained  by  bisecting  the  line  O  T.  It  should  be  under- 
stood that  the  curve  O  T  P,  which  represents  the  true  section  on 
J  E,  can  be  made  any  desired  shape,  but  when  once  drawn,  repre- 
sents a  fixed  line. 
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The  pattern  will  be  developed  by  triangulation,  for  wliicl 
diagrams  of  sections  must  be  obtained  from  wliich  to  obtain  nieas 
iirements.  Tlii'se  sections  are  obtained  as  follows:  In  Fig.  lOi 
1  4  S  12  13  is  a  reproduction  of  J  B  C  D  E,  Fig.  102.  lieprpdiie. 
tile  quarter  profile  K  L  I,  the  half  profile  O  T,  and  the  half  protilt 
;»  /*  -  as  shown  by  1'  1  4,  1"  lif  1  and  12  9'  8'  5  in  Fig.  103. 
Divide  the  round  ends  in  a  each  into  3  parts  and  the  profiles  fi  and 
c  also  each  into  d  spaces,  as  shown  by  the  fignres.  Drop  lines 
from  these  figures  at  right  angles  to  the  base  lines  from  1  to  15  as 
shown  and  draw  solid  and  dotted  lines  in  the  usual  manner.  While 
in  some  of  the  previous  problems  only  dotted  lines  were  drawn.  w<i 


Tic   KH. 


E3ISM  iinsen 

Fi(f.  105. 


iiavL- dnmri    both    si)lid  and  dotted    lines   in    this  ease,  in  order 
avoid  a  eonrnsioti  (if  seetioiis.      Adiagrain  of  sectionaon  solid  li 
ill  Fig.  10;{  iH  shown  in  Fig,  H'l.  the  figures   in  both  correapo 
iiig;  while  Fig.  HI.")  shiiws  ilie  true  sections  on  dotted  linee. 
nielhod  uf  ()iit;uiiiiig  these  seclious  has  been  descril)ed  in  connec 
with  ..Ihcr  pruMcnis. 

Fur  the  [mlteiii  draw  any  vertic 
to  4  .■>  in  Fig.  Hi;i.     Then  with  T.  11',  Fig.  Il):i.  m 
Fig.  nil)  na  center  draw  tlie  arc  H.  iriL-rsectiu; 
from  4  as  center  and  4  i;-.    Fig.    lO.').   i.s    raOi 
Fig.  l(i;J,  a.^^  nidin.^.  and  4  in  Kig.  llli;;. 
interaectiiig  it  by  im  urc  struck    from    tl 
1(14  aa  radius.      Fnicced  in  this  manner 
first  the  divisions  in  "   in    Fig.  10;i.   iI 
105;  the  divisions  in  '-  in  Fig.  103,  the' 
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104,  until  the  line  18,  Fig.  lOfi.  ib  obtained.  Now  iiaing  8  aa 
center  and  S'  it'.  Fig.  103.  as  radins  draw  tlie  arc  i)  in  Fif^.  10(1, 
intersecting  it  by  an  arc  atnick  from  1  as  cfiiter  and  1"  U',  Fig. 
104,  as  radins.  Then  starting  at  1  in  Fig.  lOfi  use  alternately  as 
radii,  tirst  tbe  divisions  in  /i  in  Fig.  108.  tben  the  slant  lines  in 
Fig.  105,  tht!  divisions  in  </  in  Fig.  10;J.  then  tlie  length  of  tbe 
slant  lines  in  Fig.  104  until  tbe  line  12  13iBol)taine<l  in  Fig.  106, 
which  equals  12  Vi  in  Fig,  103,  Trace  a  line  through  ]x>int8  thus 
ol)taine<l  in  Fig.  100.  then  will  4  1  13  12  D  «  -T  be  tbe  half  |»attern. 
If  the  {Mttern  is  de8ire<l  in  one  piece,  trace  this  half  oj»])Osite  the 
line  4  i)  aa  shown  by  1'  1.3'  12'  0'  8',  allowing  la|m  for  riveting. 

In  Fig.  107  is  shown  a  j)erspeetivn  view  of  a  tiipering  Hange 
around  a  cylinder  jwssing  tbi-ongb  an   inclinecl   ronf,   the   tiango 


Fig.  W:  Fig.  107. 

l>eing  rectangular  on  tbe  roof  line.  Thejiroblein  will  Im  developed 
by  triangulation,  a  plan  and  elevation  tirst  being  required  as  shown 
in  Fig.  108. 

First  draw  the  angle  of  the  roof  A  U  at  an  angle  of  4i3\ 
through  which  draw  a  center  line  ('  D.  From  the  mof  line  A  B 
on  the  center  line  set  off '/  h  ecpial  to  4  inches  and  through  h  draw 
the  horizontal  line  E  F,  nraking  \i  V  and  H  E  each  one  inch. 
Through  (/on  the  center  line  draw  Ibe  horizontal  line  G  II.  making 
)l  II  and  (/  (t  each  two  inched.  From  II  and  ( i  erect  per}M'n<liculars 
intersecting  llie  roof  line  at  !C  and  I^.  Then  draw  lines  from  E  lo 
K  and  Y  to  I.,  completing  tbe  clevntion.  (onrflrnct  (be  square  in 
plan  making  the  four  aides  equal  to  (i  H.  Bisect  II  I  and  draw 
the  center  line  c  <;  intersecting  the  vertical  center  at  (/'.  Then  with 
radius  equ».l  to  I)  F  or  h  K  in  elevation  and  d'  in   plan  as  center, 
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draw  the  circle  14  7  4'  representing  the  horizontal  section  on  E  F 
in  elevation,  while  G  II  1  J  is  the  horizontal  section  on  K  L  in 
elevation.  As  the  circle  in  plan  is  in  the  center  of  the  square 
making  the  two  halves  symmetrical  it  is  only  necessary  to  divide  the 
semicircle  into  equal  spaces  as  shown  from  1  to  7  and  draw  lines 


_ki T  ._4i  „,_^_ & 


Fig.  1()8. 

from  1,  2,  8  and  4  to  (i,  and  4,  0,  (>  and  7  to  II.  Then  will  the 
lines  in  1  (i  4  and  4  II  7  represent  the  Iwses  of  triangles  which 
will  be  constructed,  wliost^  altitudes  an*  sliown  resj)ectively  bv  the 
vertical  htMirhts  in  K  K  and  L  F  in  elevation.  Tliereforedniw  hori- 
zontal  lines  throut^li  K  F,  K,  and  L  as  shown  by  F  (),  K  N,  and  L  M. 
From  any  |K)int  as  U  and  T  on  F  (),  draw  the  perjXMidicnlars  It  S 
and  T  U  res[)ectively,  meeting  the  horizontal  lines  drawn  from  L 
and  K.    Now  take  the  various  lengths  in  plan  as  Gl,  G2,  G3,  and 
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G4  and  place  them  on  the  line  F  O  as  shown  by  Tl,  T2,  T3  and  T4, 
from  which  points  draw  lines  to  U  which  will  represent  the  true 
lengths  on  similar  lines  in  plan.  In  similar  manner  take  the  dis- 
tances  in  plan  from  H  to  4,  to  5,  to  6,  to  7,  and  place  them  on  the 
line  F  O,  from  R  to  4,  to  5,  to  6,  to  7,  from  which  points  draw  lines 
to  S  which  represent  the  true  lengths  on  similar  lines  in  plan. 

For  the  pattern  take  the  distance  F  L  in  elevation  and  place 
it  on  the  vertical  line  T  L  in  Fig.  109.  At  right  angles  to  T  L 
draw  L  S  eqnal  to  ^  H  or  c  I  in  plan.  Fig.  108.     Draw  the  dotted 


line  from  7'  to  S  in  Fig.  109,  which  should  be  equal  to  S  7  in  W 
in  Fig.  108.  Now  with  radii  equal  to  S  4,  and  S  J^  and  S,  Fig. 
109,  as  center,  draw  the  arcs  indicated  by  similar  numbers.  The 
dividers  should  equal  the  spaces  in  the  semicircle  in  plan  in  Fig. 
108,  and  starting  at  7'  in  Fig.  109,  step  from  arc  to  arc  of  corre- 
sponding numl>ers  as  shown  by  6',  5',  4'.  Draw  a  dotted  line 
from  4'  to  S.  Then  using  S  as  center  and  L  K  in  elevation.  Fig. 
108,  as  radius,  descrilx)  the  arc  II  in  Fig.  109,  intersecting  it  by  an 
arc  struck  from  4'  as  center  and  U  4,  Fig.  108,  as  radius.  Now 
using  U  ^,  and  U  §  in  X  as  radii,  and  U,  Fig.  109,  as  center, 
describe  arcs  having  similar  numbers.  Again  set  the  dividers 
equal  to  the  spaces  in  plan  in  Fig.  108,  and  starting  from  4'  in 
Fig.  109  step  to  corresponding  numbered  arcs  as  shown  by  3',  2',  1'. 
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Draw  a  dotted  lin«  from  4'  to  U  to  1'.  AVith  K  E  in  elevatioii. 
Fig.  lOS,  as  radius,  and  1'  in  Fig.  109  ae  center,  deat'ritxt  tlie 
are  e  inlersotrtiiig  it  by  an  al-c  struck  from  U  as  center  and  G  >■  in 
plan  in  Fif^.  108  as  radius.  Draw  a  line  connecting  S,  U,  c,  ami  1'. 
7*  4'  1'  <■  V  S  L  7'  shows  the  lialf  pattern,  which  can  be  traciii 
opjK>site  the  line  7'  L  to  complete  the  fnll  pattern  as  shown  Ity 
T  4"  1"  (■■  l"  S'  L. 

One  of  the  difticnlt  problems  often  encountered  by  the  sheet 
metal  worker  is  that  of  a  cylinder  joining  a  cone  furnace  top  at 
any  angle.  Tlie  following  problem  sIiowb  the  principle  to  lie 
applied,  no  nuilier  what  size  the  furnace  toji  lias,  or  what  size  pipe 
is  nsed.orat  what  angle  the  ])i|>e  is  placed  in  plan  or  elevation,  the 
principles  l>eiiig  applicable  under  any  conditions. 

Fig.  IHIshowaa  viewofacyl. 
mdei  iiiterBi'cting  a  conical  fur- 
nan  toj)  the  pijH!  Ix'ing  placed  to 
orn  Bide  of  the  center  of  the  top. 
V  B  t  1)  represents  a  portion  of 
the  conical  top,  intersected  by  the 
c\liuder  E  F  G  II,  the  side  of  the 
cylinder  II  I  to  intersect  at  a 
given  point  on  the  conical  top  as 
lit  II  This  problem  presents  an 
iiitLUsting  study  in  projections, 
inter&ei  tions.  and  development,  to 
which  close  attention  should  l>e 
given. 

center  line  A  X.  Then  draw  the 
,g  A  ]}  i;;  inches.  ('  D  3*  inches 
iiicjifs.  [)niw  the  line  from  U  lo 
the  oiif-ijiiHi'ter  plan  nsing  Z  as 
1  ill  line  with  A  B  of  the  elevation 
1  of  the  to|i  as  Z  !'>'  A'.  I^t  «  in  the  eleva- 
iifd  difitmu-e  that  the  si(ie  of  Ihe  cylinder  ix 
to  meet  Ihe  ccnie  alM>ve  the  bnse  line  us  II  in  Fig.  110.  From  ". 
[mralle!  Ii)  (■  l>  in  Fig.  1 11.  draw  "  /'.  Then  from  (/  dro))  a  ver- 
tical line  inlcrsecling  tho  line  /  ("  in  jilaii  at  n'.  Then  nsing  Zas 
center  and  Z  n'  as  radins,  descrila-  the  ipiarter  circle  a'  //,     Z  u'  h' 


L  the 


In  Fig.  Ill  lii 
half  elevation  .V  I!  0  D.  niakii 
and  Ihe  vertical  height  ,\  I)  2" 
0.  Directly  b.-low  V  I)  draw 
center,  as  shown  by  Z  C  !>'  an 
draw  tlie  ipiarter 
tion   represent  the 
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in  plHii  represents  the  true  section  on  the  horizontal  plane  a  h  in 
I'li'VHtion.  Now  locate  the  point  where  the  side  of  the  cylinder  as 
(1  in  Fig.  110  shall  meet  the  arc  </'  V  in  plan,  Fig.  Ill,  as  shown 
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at  3".  Through  3"  draw  the  horizontal  line  intersecting  the  center 
line  at  K',  the  outer  arc  at  M*  and  extend  it  indefinitely  to  3. 
From  3  erect  the  perpendicular  equal  to  the  diameter  of  the  cylin- 
der, or  1'^  inches,  bisect  it  and  obtain  the  center  c.  Using  e  as 
center  with  c  7  as  radius,  describe  the  profile  of  the  cylinder  as 
shown,  and  divide  it  into  equal  parts  from  1  to  8.  From  these 
points  draw  lines  parallel  to  3  K',  intersecting  the  outer  arc  D'  C 
at  N^  (V  P'  11^  and  the  center  line  Z  X  at  I\  G',  E\  A\  With  Z 
as  center  and  the  various  intersections  from  K^  to  A^  as  radii, 
describe  the  arcs  K^  L\  V  J',  G^  IP,  Y)  F,  and  A^  B>.  From  the 
intersection  B',  F\  IP,  J',  IJ  erect  vertical  lines  into  the  elevation 
intersecting  the  side  of  the  cone  B  C  as  shown  by  similar  letters 
B  F  11  J  L.  From  these  points  draw  horizontal  lines  through  the 
elevation  as  shown  respectively  by  A  ]i,  E  F,  G  II,  I  J,  and  K  L. 
These  lines  represent  a  series  of  horizontal  planes,  shown  in  plan 
by  similar  letters.  For  example,  the  arc  E'  F^  in  plan  represents 
the  true  section  on  the  line  P2  F  in  elevation,  while  the  arc  G'  IP 
is  the  true  section  on  the  line  G  II  in  elevation,  etc. 

The  next  step  is  to  construct  sections  of  the  cone  as  it  would 
appear,  if  cut  by  the  lines  shown  in  plan  by  K*  M*,  P  N',  G*  0*!E' 
P\  and  A*  K'.  To  obtain  the  section  of  the  cone  in  elevation  on 
the  line  A'  R'  in  ])hin,  proceed  as  follows:  At  right  angles  to  the 
line  A'  K'  and  from  the  intersections  on  the  various  arcs,  draw  lines 
upward  (not  shown)  intersecting  similar  planes  in  elevation  cor- 
responding to  the  ares  in  plan.  A  line  traced  through  intersections 
thus  obtained  in  elevation  as  shown  from  A  to  II,  will  be  the  true 
section  on  the  line  A'  It'  in  ])lan.  For  example,  the  line  K'  M'  of 
the  cylinder  intersects  the  ares  at  K'  3"  and  M'  respectively.  From 
these  intersections,  erect  vertical  lines  intersectinir  Iv  L,/>f/,  and  DC 
in  elevation  at  K,  3',  and  M  respectively.  Trace  a  curve  throucrh 
these  points,  then  will  K  3'  M  Ih^  the  sc»ction  of  the  cone  if  cut  on 
the  line  K'  M'  in  plan.  In  similar  manner  obtain  the  other  sections. 
Thus  the  section  line  H  P,  (i  (),  and  IX  in  elevation,  represent 
respectively  the  sections  if  cut  on  the  lines  E'  P',  (P  ()\  and  P  N' 
in  plan.  Now  from  the  given  point  3"  in  plan  erect  a  line  which 
must  meet  the  intei'section  of  \\w  plane  h  (t  and  section  K  M  in 
elevation  at  3'.  From  3'  at  its  desired  angle,  in  this  case  45^,  draw 
the  line  3'  7.     At  any  point  as  d  at  right  angles  to  3'  7  draw  the 
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line  15  tlirongh  d^  making  d  5  and  d  1  each  eqnal  to  half  the 
diameter  of  the  cylinder  shown  in  plan.  With  d^  as  radius  and</ 
as  center  draw  the  profile  of  the  cylinder  in  elevation,  and  divide  it 
into  the  same  number  of  parts  as  shown  in  C  in  plan,  being  careful 
to  allow  the  circle  d  in  elevation  to  make  a  quarter  turn,  bringing 
the  number  1  to  the  top  as  shown. 

The  next  operation  is  to  obtain  the  miter  line  or  line  of  joint 
between  the  cylinder  and  cone  in  elevation.  By  referring  to  the 
plan  it  will  be  seen  that  the  point  7  in  the  profile  r/lies  in  the  plane 
of  the  section  A*  R\  Then 'a  line  from  the  point  7  in  the  profile 
//  in  elevation,  drawn  parallel  to  the  lines  of  the  cylinder,  must  cut 
the  section  A  II  which  corresjx)nds  to  the  plane  A^  R^  in  plan  as 
shown  by  T  in  elevation.  The  ])oints  (>  and  8  in  the  profile  c  in 
plan,  are  in  the  plane  at  the  section  E'  P',  then  must  the  corre- 
sponding points  6  and  8  in  the  profile  d  in  elevation,  intersect  the 
section  E  P  as  shown  by  6'  and  8'.  As  tlie  points  1  5,  2  4,  and  3 
in  the  profile  e  in  plan,  are  in  the  planes  of  the  sections  G'  ()\  I*  N\ 
and  K'  M*  respectively,  the  corresponding  points  1  5,  2  4,  and  9  in 
the  profile  d  in  elevation  must  intersect  the  sections  (i  O,  I  N,  and 
K  M  respectively  at  points  V  5',  2'  4',  ^"^1  ^'  as  shown.  Trace  a 
line  through  these  points,  which  \\W\  show  the  line  of  intersection 
between  the  cone  and  cylinder. 

For  the  pattern  for  the  cylinder,  proceed  as  follows:  At  right 
angles  to  the  line  of  the  cylinder  in  elevation,  draw  the  line  T  U 
upon  which  place  the  sti*etchout  of  the  profile  d  as  shown  by  sim- 
ilar figures  on  T  U.  In  this  case  the  seam  of  tlie  pi|)e  has  been 
placed  at  1  in  </.  Should  the  seam  be  desired  at  3,  5  or  7,  lay 
off  the  stretchout  on  TU  starting  with  any  of  the  given  numbers. 
At  right  angles  to  U  T  from  the  small  figures  1  to  1  draw  lines 
which  intersect  with  lines  drawn  from  similar  numbered  intersec- 
tions in  the  miter  line  in  elevation  at  ritrht  antxles  to  1'  1,  result- 
ing  in  the  intersections  1  to  5^  to  1  in  the  ])attern.  Trace  a  line 
through  ])oints  thus  obtained,  then  will  V  \  W^  T  be  the  develop- 
ment for  the  cylinder  to  which  laps  must  be  allowed  for  riveting 
to  the  cone  as  shown  in  Fitr.  110  and  si^amiiiix  the  joint  T  W  in 
pattern  in  Fig.  111. 

While  the  pattern  for  the  cone  is  obtained  the  same  as  in 
ordinary  flaring  ware,  the  method  will  be  described  for  obtaining 
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tbe  pattern  for  tlm  opening  to  Iw  cut  into  the  cone.  IJefon^  tliis 
can  he  done  a  plan  view  of  the  intersection  between  tlie  pipe  and 
cone  must  fii-Bt  \ns  obtained  aa  follows:  From  tbe  various  in- 
tersections 1'  to  8'  in  elevation  drop  vertical  lines  intersecting 
lines  drawn  from  similar  nnmbers  in  tlie  prolile  tr  in  plan,  thus 
obtaining  the  intersections  I"  to  H"  thronwh  which  a  line  is  traced 
which  is  the  desired  plan  view. 

For  tbe  )>attern  for 
the  opening    in    the 
cone,   tbe  outline  of 
tbe  Imlf  elevation  and 
nne-<jnarter]ilan  with 
the  variuns  points  of 
*'        intersections   both    in 
]ilan  and  elevation  in 
Fig,  112  is  a  repro- 
duction  of   similar 
parts  in  Fig.  Ill,  and 
has  been   transferred 
to  avoid  a  confusion  of 
lines  which   would 
otherwise ocenr  in  ob- 
taining the  pattern. 
J*araIIeltoDCin  Fig. 
112  from  the  various 
in'»rsections  1'  to  S' 
draw  lines  intersect- 
ing the   side   of   the 
cone  B  0  from  1  to  S. 
Through  the  varioiii! 
intersections  1"  to  S" 
in  plan  from  tbe  a|H'\ 
'  from  1    to  ft"  aa  shown, 
meets  the  center  line  1>  A 
s  center,  with  E  ('  and  E  B  aa  radii 
ijM'ctiveJy.     At  any  point  aa  2*  on 
arions  poinds  on  D'  C  In 


Z  draw  lines  intersecting  ih 
iCxtend  the  lint'C  I!  in  elevs 
extended  at  E.  Tben  using 
draw  the  arcn  ('  F  and  1!  II 
the  arc  ( '  V  biy  uiX  llic  si  retchont  of  tlii' 


plan  from  2    to  ti    as  simv 


by  similar  lignn.'S  on  C  F  ae  shown 
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from  2^  to  i\^.  P'rom  these  points  draw  radial  lines  to  the  apex 
E,  and  intersect  them  by  arcs  struck  from  E  as  center  whose  radii 
are  equal  to  the  various  intersections  on  B  C  having  similar  numbers. 
Tlius  arc  4  intersects  radial  line  4^  at  4^;  arcs  ;i,  3,  and  2  intersect 
radial  lines  3^,  5^,  and  2^  at  3^',  5^',  and  2^\  and  so  on.  Trace  a 
line  through  points  thus  obtained  as  shown  from  1^'  to  8^  which  is 
the  desired  sha[)e.  If  a  flange  is  desired  to  connect  with  the  cylin- 
der, a  lap  must  be  allowed  along  the  inside  of  the  jmttern. 

COPPERSniTH'S  PROBLEMS. 

In  the  live  problems  which  will  follow,  particular  attention  is 
given  to  problems  arising  in  the  coppersmith's  trade.  While  all 
the  previous  problems  given  in  the  course  can  be  used  by  the  cop- 
persmith in  the  development  of  the  patterns  where  similar  shapes 
are  desired,  the  coj)per  worker,  as  a  rule,  deals  mostly  with  ham- 
mered surfaces,  for  which  flaring  patterns  are  required.  The  prin- 
ciples which  will  follow,  for  obtaining  the  blanks  or  patterns  for 
the  various  pieces  to  be  hamiriered,  are  applicable  to  any  size  or 
shape  of  raised  work.  The  copj)er  worker's  largest  work  occurs  in 
the  form  of  brewing  kettles,  which  are  made  in  various  shapes,  to 
suit  the  designs  of  the  different  architects  who  design  the  work. 
In  hammering  large  brewing  kettles  of  heavy  copper  plate,  the 
pieces  are  developed,  hammered,  and  fltted  in  the  shop,  then  set 
together  in  the  building,  rope  and  tackle  being  used  to  handle  the 
various  sections  for  hammerintr  as  well  as  in  construction  at  the 
building.  While  much  dej)ends  upon  the  skill  the  workman  has 
with  the  hammer,  still  more  depends  upon  the  technical  knowledge 
in  laying  out  the  patterns. 

In  all  work  of  this  kind  the  patterns  are  but  approximate,  but 
no  matter  what  size  or  shape  the  work  has,  the  principles  contained 
in  the  following  problems  are  applicable  to  all  conditions. 

In  Fig.  113  is  shown  a  jierspective  of  a  sphere  which  is  to  l>e 
constructed  of  liorizontal  sections  as  shown  in  Ficr.  114,  in  which 
for  practice  draw  the  center  line  A  13,  on  which,  using  ^^as  center, 
and  with  radius  equal  to  2^  inches,  describe  the  elevation  of  the 
sphere  B  C  I)  E.  Divide  the  (piarter  circle  DC  into  as  many 
spaces  as  the  hemi-sphere  is  to  have  sections,  as  shown  by  C  FG  D. 
From  these  j)oiDts  draw  horizontal   lines  through  the  elevation,  as 
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stocxl  that  no  hammering  is  done  to  that  part  shown  from  3  to  4. 
The  |K)rtion  shown  from  3  to  1'  is  stretched  to  meet  the  required 
profile  8  2  1,  while  the  lower  part  4  to  6'  is  raised  to  conform  witb 
the  lower  curve  4  5  6.  Therefore,  knowing  that  the  points  3  and  4 
are  fixed  points,  then  from  either  of  these,  in  this  case  point  4, 


drop  a  vertical  line  inlersectin<^  the  center  line  E  F  in  plan  at  a. 
Then  with  /as  center  and  i  (f  as  radius,  describe  the  quarter  circle  <^/  e, 
and  space  it  into  ecjual  parts  as  shown  hy  'S  ^^  ^',  </,  <%  which  represent 
the  measuring  line  in  plan  on  the  ])(>int  4  in  elevation.  Using /* 
as  center,  and  /  (>',  /  4,  /  3  and  /  1'  as  radii,  draw  the  arcs  l"-!"'. 
3"-3  ",  4"-4"'  and  (>"-()'"  as  shown.  From  1"  draw  a  radial  line  to  / 
intersecting  all  the  arcs  as  shown.     Now  starting  at  4"  step  oflF  on 
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the  art'  4"-4'"  twice  the  stretchout  of  the  quarter  circle  ^f  *'  as  shown 
l»y  similar  letters  a  to  e  to  it'  in  {pattern.  From  /  draw  a  line 
through  ii'  intersecting  all  of  the  arcs  as  shown.  V* -V" -iS" -^S" 
shows  the  half  {lattern  for  the  ogee. 

While  in  the  previous 
prohlem  the  greater  part  of 
the  ocee  was  flared,  occasion 
may  arise  where  the  -ogee  is 
composed  of  two  quarter  cir- 
cles struck  from  centers  as 
shown  in  Fig.  117.  First 
draw  the  center  line  A  B, 
then  draw  the  half  diameter 
of  the  top  C'^  C'  equal  to  3J 
inches  and  the  half  diameter 
E  1)  1^  inches.  Make  the 
vertical  height  of  the  ogee  li 
inches,  through  the  center  of 
which  draw  the  horizontal  line 
it  h.  From  V  and  D  draw  ver- 
tical lines  intersecting  the 
horizontal  line^^A  />»,  at  a  and  h 
respectively.  Then  using  a 
and  h  as  centers  with  radii 
e(jnal  respectively  to  ^^  ( •  and 
h  D  draw  the  quarter  circles 
shown  completing  the  ogee. 
In  the  quarter  plan  below 
which  is  struck  from  the  cen- 
ter P\  (i  J  and  II  I  are  sec- 
tions respectively  on  D  E  and 
C  C'  in  elevation.  The  meth- 
ods of  obtai n i ng  the  patterns  i n 
this  case  are  sliixhtlv  different 
than  those  employed  in  the  previous  problems.  The  \\\)\wy  curve 
shown  from  C  to  <?  will  have  to  he  stretched,  while  tln^  lower  curve 
shown  from  ^  to  D  will  have  to  be  raised.  Therefore  in  the  stretch- 
out of  the  pattern  of  the  upper  part  from  1'  to  3  and  3  to  5'  the 
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edges  must  be  stretched  so  as  to  obtain  more  material  to  allow  the 
metal  to  increase  in  diameter  and  conform  to  the  desired  shape 
shown  from  1  to  3  and  3  to  5.  In  the  lower  curve  the  opposite 
method  must  be  employed.  While  in  the  upper  curve  the  edges 
had  to  be  stretched  to  increase  the  diameters,  in  the  lower  curve 
the  edges  must  be  drawn  in  by  means  of  raising,  to  decrease  the 
diameter,  because  the  diameters  to  the  points  5"  and  9'  are  greater 
than  to. points  c  and  d. 

To  obtain  the  pattern  for  the  upper  curve  C  c  which  must  be 
stretched,  draw  a  line  from  C  to  c\  bisect  it  and  obtain  d^  from 
which  erect  the  perpendicular  d  3  intersecting  the  curve  at  3. 
Through  3  draw  a  line  parallel  to  C  e  intersecting  the  center  line 
A  B  at  in.  Now  divide  the  curve  C  e  into  equal  spaces  as  shown 
from  1  to  5  and  starting  from  the  point  3  set  off  on  the  line  just 
drawn  on  either  side  of  3  the  stretchout  shown  from  3  to  1'  and  3 
to  5'.  1'  5'  shows  the  amount  of  material  required  to  form  the 
curve  C  r.  In  this  case  3  represents  the  stationary  point  of  the 
blank  on  which  the  pattern  will  be  measured.  Therefore  from  3 
drop  a  vertical  line  intersecting  the  line  F  H  at  10.  Then  using 
F  as  center  and  F  10  as  radius,  describe  the  arc  10  16,  and  divide 
it  into  equal  spaces  as  shown  from  10  to  16.  Now  with  radii  equal 
to  m  5',  in  3  and  m  1\  Fig.  117,  and  with  vi  in  Fig.  118  as  cen- 
ter, describe  the  arcs  5  5',  3  3'  and  1  1'.  Draw  the  radial  line  in  1 
intersecting  the  two  inner  arcs  at  3  and  5.  As  the  arc  3  3'  repre- 
sents the  stationary  point  3  in  elevation  in  Fig.  117,  then  set  the 
dividers  equal  to  tlie  s])aces  10  16  in  plan  and  step  off  similar 
spaces  in  Fig.  118  on  the  arc  3  3',  starting  at  3  as  shown  by  simi- 
lar numbers  16  to  10.  Through  10  draw  a  line  to  the  apex  ///, 
intersectincT  the  inner  curve  at  5'  and  the  outer  curve  at  1'. 
1  1'  5'  5  is  the  quarter  ])attern  for  the  uppiT  curve  or  half  of  the 
ogee,  to  which  la])s  must  l)e  allowed  for  riveting  and  brazing. 

For  the  pattern  for  the  lower  curve  in  elevation  in  Fig.  117 
draw  a  line  from  c  to  I);  bisect  it  at  <^  and  from  e  erect  a  perpen- 
dicular intersectinor  the  curve  at  7.  From  7  draw  a  horizontal  line 
intersectintr  the  center  line  at  /'.  Now  the  rule  to  be  followed  in 
"raising''  is  as  follows:  Divide  the  distance  from  ^  to  7  into  as 
many  parts,  as  the  half  diameter  Y  7  is  equal  to  inches.  In  this 
case  7/' equals  2|  inches;  (any  fraction  up  to  the  -J  inch  is  not 
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taken  into  consideration,  but  over  ^  inch  one  is  added).  Therefore 
for  2^  inches  use  2.  Then  divide  the  distance  from  <?  to  7  into 
two  parts  as  shown  at  i  and  through,  i  parallel  to  c  D  draw  a  line 
as  shown  intersecting  the  center  line  at  N.  Now  divide  the  curve 
c  to  D  into  equal  spaces  as  shown  by  the  figures  5  to  9.  Let  off 
on  either  side  of  i  the  stretchout  from  5  to  9  as  shown  from  5"  to 
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Fig.  118. 

9'.  From  i  drop  a  vertical  line  intersecting  F  II  in  plan  at  23. 
Then  using  F  as  center  draw  the  arc  23  17  as  shown,  which  rep- 
resents the  measuring  line  in  plan  on  i  in  the  stretchout. 

The  student  may  naturally  ask,  why  is  i  taken  as  the  measuring 
line  in  plan,  when  it  is  not  a  stationary  point,  for  when  "raising"  i 
will  be  bulged  outward  with  the  raising  hammer  until  it  meets 
the  point  7.  In  bulging  the  metal  outward,  the  surface  at  i 
stretches  as  much  as  the  difference  between  the  diameter  at  i  and 
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7.  Ill  otlier  words,  if  tlie  measuring  point  were  taken  on  7  it 
would  be  found  that  after  the  mould  was  '*  raised  "  the  diameter 
would  be  too  great.  But  by  using  the  rule  of  dividing  e  7  into  as 
many  parts  as  there  are  inches  in /*7  the  diameter  will  be  accurate 
while  this  rule  is  but  approximate.  In  this  case  e  7  has  only  been 
divided  into  two  equal  parts,  leaving  but  one  point  in  which  a  line 
would  be  drawn  through  parallel  to  c  D.  Let  us  suppose  that  the 
stMui -diameter  7/*  is  equal  to  eleven  inches.     Then  the  sj)ace  from 

e  to  7  would  be  divided  into  just  so 
/^-r  /      L  many  parts,  a/?^  throiujh  the  first  jxiri 

\^  j       _|  nearest  the  cove  the  line  would  be  drawn 

parallel  to  ^  D  and  used  as  we  have 
used  L  Now  with  radii  equal  to  7^  \)\ 
n  ?*,  and  n  5"  and  n  in  Fig.  118  as  center, 
describe  the  arcs  5"  5"'  i  i'  and  9  9'. 
From  any  point  as  5"  draw  a  line  to  u 
intersecting  all  the  arcs  shown.  Now 
take  the  stretchout  from  17  to  23  in 
plan,  Fig.  117,  and  starting  from  17  in 
Fig.  118  mark  off  equivalent  distances 
on  the  arc  /  /"  as  shown.  Draw  a  line 
through  23  to  the  apex  /?,  intersectintr 
the  inner  and  outer  arcs  at  9'  and  5'". 
Then  will  1)  5"  5'"  9'  be  the  greater  pat- 
tern  for  the  lower  part  of  the  ogee. 

Another  case  may  arise  where  the 
center  of  the  ogee  is  vertical  as  shown  from  r  to  (J  in  Fig.  119  in 
A  1*.  In  this  case  the  same  princi])les  are  applied  as  in  Fig.  117; 
the  pattern  for  c  (f  in  Fig.  119  being  a  straight  strip  as  high  as 
r  <l  and  in  length  equal  to  the  quarter  circumference  <*'  c"  in  plan 
in  Fig.  117  which  is  the  section  on  r  in  elevation.  Tliese  rules 
are  applicable  to  any  form  of  mould  as  shown  in  Fig.  119,  bv 
r, /,  //,  and  /.  The  bead  /  in  y  would  be  made  in  two  pieces  with 
a  seam  at  /  as  shown  by  the  dotted  line,  using  the  same  method 
as  explained  in  connection  with  r  D  in  elevation  in  Fig.  117. 

The  coppersmith  has  often  occasion   to  lay  out    the  patterns 
for  curved  elbows.     While  the  sheet  metal  worker  lays   them  out 
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ill  pieces,  tbe  C0[>]»*"r8i»itli'e  work  must  form  a  curve  as  shown   in 
Fig.  120  which  represents  a  curved  elbow  of  45". 

In  Fig.  121  is  shown  how  an  elbow  is  laid  out  having  iK)^, 
similar  principles  being  retinired  for  any  degree  of  elbow.  First 
draw  the  side  elevation  of  the  elbow  as  sliown  by  A  ]}  C  D,  inak- 


y>e-  I^V  Fir.  120. 

ing  the  radius  K  IJ  e<iH!il  to  4\  inches  and-  ih..  diameter  15  0  2 
inches.  Bisect  <;  li  iit  K.  Then  with  K  !.s  ecnl.-r  and  K  K  as 
radins  draw  the  arc  K  J  i-epivsciiting  the  si-:nti  at  ihe  si(ies.  Draw 
the  front  view  in  its  pro[>er  position  iw  F  <i  U,  throngh  which 
draw  tbe  center  line  F'  I  repR-scnling  the  seani  at  back  and  frimt, 
tbns  making  tbe  elbow  in  fonr  pieces.      Directly  below  C  B  draw 
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the  section  of  the  elbow  as  shown  hy  a  h  c  d  struck  from  M  as 
center.  Through  M  draw  the  diameters  h  d  and  a  c.  The  inner 
curve  of  the  elbow  a  d  c  in  plan  will  be  stretched,  while  the  outer 
curve  a  i  c  in  plan  will  be  raised.  Through  M  draw  the  diagonal 
3  6  intersecting  the  circle  at  3  and  f  respectively.  JSTow  draw 
ad/  through  y' parallel  to  a  d  draw  a  line  intersecting  the  center 
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Fig.  122. 

line  A  E  extended  at  O.  On  either  side  of/' place  the  stretchout 
of  i)  ii  and  ()  d  as  shown  by/^^'  andy\/'.  Then  with  radii  e<jual 
to  O  d'  and  O  a'  and  with  ()  on  the  line  A  B,  Fig.  122,  as  center 
describe  the  arcs  d  d  and  n  a.  Make  the  length  of  d  d  equal  to 
the  inner  curve  I)  C  in  Fig.  121.  From  a  and  d  in  Fig.  122 
draw  lines  to  the  apex  ()  extending  them  to  meet  the  outer  curve 
at  i/  and  <^  Then  will  n  d  d  a  be  the  half  ])attern  for  the  inner 
portion  of  the  elbow  for  two  sides.  The  radius  for  the  pattern  for 
the  outer  curve   is  shown    in    Fig.  121  by  N  c\  N  h\  placing  the 
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stretchout  of  the  curve  on  either  side  of  the  point  e,  hhccm  Fig. 
122  shows  the  pattern  for  the  outer  curve,  the  length  h  h  being 
obtained  from  A  B  in  elevation  in  Fig.  121. 

In  work  of  this  kind  the  patterns  are  made  a  little  longer,  to 
allow  for  trimming  after  thb  elbow  is  brazed  together.  Laps  must 
be  allowed  on  all  patterns  for  brazing. 

Fig.  123  shows  a  perspective  view  of  a  brewing  kettle,  made 
IB  horizontal  sections  and  riveted.  The  same  principles  which 
were  employed  for  obtaining  the  patterns  for  a  sphere  in  Fig.  114 
are  applicable  to  this  problem.  Thus  in  Fig.  124,  let  A  B  C  rep- 
resent a  full  section  of  a  brewing  kettle  as  required  according  to 
architect's  design.  Through  the  middle  of  the  section  draw  the 
center  line  D  E.  Now  divide  the 
half  section  B  to  C  into  as  many  parts 
as  the  kettle  is  to  have  pieces  as 
shown  by  r,  d^  e^f.  From  these 
small  letters  draw  horizontal  lines 
through  the  section,  as  shown  by 
c  A,  d  d\  e  e\  and/y  and  in  its 
proper  position  below  the  section, 
draw  the  plan  views  on  each  of  these 
horizontal  lines  in  elevation,  excep- 
ting d'  rf,  as  shown  respectively  by 

I  F  G  H,  e"  e"  and/'"/"",  all  struck  from  the  center  (f.  Now 
through  the  points  c  d  draw  a  line  which  if  extended  would  meet 
the  center  line.  Then  this  intersection  would  be  the  center  with 
which  to  draw  the  arcs  r  r  and  d  d"\  the  dange  c  h  would  be 
added  to  the  pattern  as  shown  by  //.  The  stretchout  for  this  pat- 
tern 1'  would  be  obtained  from  the  curved  line  F  G  II  I  in  plan 
and  stepj)ed  off  on  the  outer  arc  ^.^  r'.  In  similar  manner  through 
d  €',  ef^  ^^^f  ^  draw  the  lines  intersecting  the  center  line  D  E 
at  K,  L,  and  C.  Then  using  the  points  as  center,  describe  the 
patterns  2',  and  3',  and  the  full  circle  4\ 

Tlie  stretchout  for  the  patterns  2'  and  3'  is  obtained  from  the 
circle  e'  *"'  in  plan  and  placed  on  the  inner  curve  of  the  pattern  2*, 
and  on  the  outer  curve  of  the  pattern  3'.  If  desired  the  stretchout 
could  be  taken  from  f"f"'  in  plan,  and  placed  on  the  inner  curve 
of  3*  which  would  make  the  pattern  similar  as  before. 


Fig.  123. 
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In  large  kettles  of  this  kind,  the  length  of  the  pattern  is  guided 
by  the  size  of  the  sheets  in  stock,  and  if  it  was  desired  that  each  ring 
was  to  be  made  in  8  parts  then  the  respective  circle  in  plan  from 
which  the  stretchout  is  taken  would  be  divided  into  8  parts,  and 
one  of  these  parts  transferred  to  the  patterns,  to  which  laps  must 
be  allowed  for  seaming  and  riveting. 

!D 


FULL  SECTION 


Ki^r.  1*24. 

PROBLEMS  FOR  WORKERS  IN  HEAVY  METAL. 

AVhilc  all  of  tlu^  proMtMiis  given  in  this  course  are  applicable  to 
developments  in  heavy  metal  as  well  as  in  that  of  lighter  gauge,  the 
following'   problems   relate  to  those   forms  made  from  boiler  plate. 

When  using  metal  of  heavier  gauge  than  number  20,  for  pi|)es, 
elbows,  or  any  other  woik,  it  is  necessary  to  have  the  exact  inside 
diameter..    It  is  customary  in  all  sho])s  working  the  heavier  metal. 
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to  add  a  certain  amount  to  the  stretchout  to  make  up  for  the  loss 
incurred  in  bending,  in  order  that  the  inside  diameter  of  the  article 
(pi|)e,  stack,  or  boiler  shell)  may  be  kept  to  a  uniform  and  desired 
size.  This  amount  varies  according  to  different  practice  of  work- 
men, some  of  whom  allow  7  times  the  thickness  of  the  metal  used, 
while  others  add  but  3  times  the  thickness.  Theoretically  the 
amount  is  3.1416  times  the  thickness  of  the  metal. 

For  example,  suppose  a  boiler  shell  or  stack  is  to  be  made  48 
inches  in  diameter  out  of  ^-inch  thick  metal.  If  this  shell  is  to 
measure  48  inches  on  the  inside,  add  the  thickness  of  the  metal, 
which  is  J  inch,  making  48i  inches.  Multiply  this  by  3.1410 
and  the  result  will  be  the  width  of  the  sheet.  If,  on  the  other 
hand,  the  outside  diameter  is  to  measure  48  inches,  subtract  the 
thickness  of  the  metal,  which  would  give  47i  inches  and  multi- 
ply that  by  3.1410  which  would  give  the  proper  width  of  the  sheet. 
It  is  well  to  remember  that  no  matter  what  the  thickness  of  the 
plate  may  be,  if  it  is  not  added,  the  diameter  of  the  finished  article 
will  not  be  large  enough ;  for  where  no  account  is  taken  of  the 
thickness  of  the  metal,  the  diameter  will  measure  from  the  center 
of  the  thickness  of  the  sheet.  While  this  rule  is  theoretically  cor- 
rect there  is  always  a  certain  amount  of  material  lost  during  the 
forming  operations.  It  is,  therefore,  considered  the  best  practice  to 
use  seven  times  the  thickness  of  the  metal  in  question.  The  cir- 
cumference for  a  stack  48  inches  in  diameter  inside  usincr  i  inch 
metal  would  be,  on  this  principle,  3.1416  X  48  +  (7  X  i)  to  which 
laps  would  have  to  be  allowed  for  riveting.  Where  the  stack  has 
both  diameters  equal  a  butt  joint  is  usually  employed  with  a  collar 
as  shown  at  either  a  or  J  in  Fig.  125,  but  where  one  end  of  the  stack 
is  to  tit  into  the  other,  a  tapering  pattern  must  be  obtained  which 
will  l)e  described  as  we  proceed. 

In  putting  up  large  boiler  stacks  it  is  usual  to  finish  at  the 
top  with  a  moulded  cap,  and  while  the  method  of  obtaining  the  pat- 
terns is  similar  to  parallel  line  developments,  the  method  of  devel- 
oping such  a  pattern  will  be  given  showing  how  the  holes  are 
puncheil  for  a  butt  joint. 

In  Fig.  120  a  view  of  the  moulded  cap  on  a  stack  is  shown. 
On  a  large  size  stack  the  cap  is  often  divided  into  as  many  as  32 
pieces.     If  the  stack  is  to  be  made  in  horizontal  sections  the  rules 
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given  ill  the  problems  on  coppersiuitLing  apply.  While  in  obtain- 
ing the  patterns  for  a  cap  in  vertical  sections,  tlie  plan  is  DBaallj 
divided  into  If)  to  32  sides,  according  to  the  size  of  the  stack;  ve 
have  shown  in  Fig.  127  a  quarter  plan  bo  spaced  as  to  give  8  sides  to 
the  full  circle.  This  has  been  dune  to  make  each  step  distinct,  the 
same  principles  being  applied  iiu  matter  Low  manysides  the  plan  bus. 


Fig.  125. 

First  draw  the  center  line  A  B  and  with  auy  point  as  C  with 
radius  equal  to  -ih  inches  draw  the  quadrant  D  E.  Now  tangent  to 
U  and  E,  draw  tlie  line  D  F  and  E  G,  and  at  an  angle  of  45%  tan- 
gent to  the  curve  at  Y,  draw  G  F  intersecting  the  previons  lines 
drawn  at  <i  and  V.  ( '  D  F  <i  E  shows  the  plan  view  of  the  extreme 
outline  of  the  cap,  Dii-ectly  atwve  the  plan  draw  a  half  section  of 
the  cap.  the  curve  5  H  iieing  struck  from  A  as  center  and  with  a  radius 
equal  to  f>  H  or  1^  inches.  Tlieii  us- 
ing the  name  radius  with  '/  as  cenltr 
liescrilie  the  quarter  circle  5  2.  Miikf 
2  1  equal  to  -^  inch,  and  H  H  one  inch. 
Fnin[  the  corners  F  and  G  in  plan 
draw  the  miter  lines  F  C,  C  (i. 
Divide  tiie  profile  of  the  cap  into 
equal  sjiaccs  as  shown  by  the  figures 
I  til  il,  from  which  drop  vertical 
lines,  intersecting  the  init«r  line  F  (' 
tis  s*h(iwn.  On  V,  DextendedasC  H 
place  the  stretchout  of  the  profile  of 
the  cap  iiri  shown  by  similar  nuiul>er8. 
.\i  right  angles  to  T>  11  draw  lines 
era  by  liui'S  dniwn  parallel  to  D  II  from 
Trace  a  line  tli rough  |ioints  thus  obtained 
<  this  outline  on  the  opposite  side  of  the 
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ine  D  H  as  shown  by  J'  I'.     Then  will  J  I  I'  J'  be  the  complete 
wttern  for  one  side. 

^Vlien  riveting  these  pieces  together  an  angle  is  usually  placed 
>n  the  inside  and  the  miters  butt  sharp,  tiling  the  corners  to  make 
I  neat  fit.  This  being  the  case  the  holes  are  punched  in  the  pat- 
hira  before  bending  as  shown  by  X  X  X  etc.     Assuming  that  the 


Fig.  127. 


itack  on  which  the  cap  is  to  fit  is  4><  inches  in  diameter,  obtain 
:he  circumference  as  previously  e.\plained  and  divide  by  8  {be- 
cause the  plan  is  composed  of  S  pieces)  jilaciiig  one-half  of  tlie  dis- 
lance  on  either  side  of  the  center  line  J)  II  in  pattern.  Assuming 
:hat  ^'g  of  the  circumference  is  equal  to  0  c,  trace  from  c  the  en- 
;ire  miter  cut,  as  partly  shown  by  c  /  to  the  lino  I'  I.  If  the  ^ 
;ircnmference  were  equal  to  '.I  i/,  the  cut  would  then  be  traced  as 
ibowu  in  part  by  il  h  until  it  met  the  line  I  I'.     This,  of  course, 
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would  be  done  on  tlie  balf  pattern  tl  J  I  I  l>efor«  tracing  it  oppoe 
the  (.-enter  line  1>  II.  Should  the  plan  be  divided  into  32  pai 
divide  the  circumference  of  the  Btack  by  33  and  place  ,*j  of  the  < 
cuiiiference  on  9  J  in  pattern,  tneasnring  from  the  center  line  D 
and  after  obtaining  the  proper  cut,  traceop|>08ite  the  line  D  II. 
In  constructing  a  stack  where  each  joint  tapers  and  tits  ins 
of  the  other,  as  shown  in  Fig.  128,  a  short  rnle  is  eniploy«l 
obtaining  the  taper  joints  without  having  recourse  to  theceii 
In  the  itliistration  n  h  represents  the  first  joint,  the  second  ('  i 


riij;  ()V)-r  it  witli  ii  lap  cqiiMl  U)j'.  the  joint  U-ing  riveted  tngn 
-  nnil  '/.  \V!uT)  (Iniwiiig  tlic  tirst  tafR-r  joint  "  A.  care  inu!: 
ken  to  have  tlu'  diami'ter  at/' on  the  outside,  equal  to  the  in 
iinielL'r  at  thi-  l".tti>:u  ni  h.  This  allows  the  second  joint  to 
er  ii  (vrliiin  dislant'c  so  tJiat  wlu-n  the  boles  are  punched  in 
i-.'l^  l.i-fi>R-   rolliiiu;.  \\\v  Iml.'s  will  tit  over  one  another  aftei 

III  Fig  V'l'.Ui  I,  r  ,1  \^ -A  la|HT  joiiil  drawn  on  the  line  « 
si.ledianu-ttT.  .-ist-NiilaiiKil  in  lig.  1-JN/.  and  -  in  Fig  l'^ 
scnts  ri'S|HVtivelylho  ball'  ^wtiorii^  on  "  //  and  -/ c  By  the  e 
le    the   radial   lines  of  tlie    (.-one   art'    prixiui-ed   without  ha 
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recourse  to  the  apex,  which,  if  obtained  in  the  full-size  drawings, 
^%;voiild  l)e  so  far  away  as  to  render  its  use  inipractifahle.  A  method 
similar  to  the  following  is  used  for  obtaining  the  arcs  for  the  pattern 
in  all  cases  where  the  taf)er  is  so  slight  as  to  render  the  use  of  a 
common  apex  impracticable. 

Let  a  h  c  //,  Fig.  130,  be  a  reproduction  of  ^^  b  c  d  in  Fig.  129. 

On   either  side  of  a  d  and  h  c,  in  Fig.  130,  place  duplicates  of 

ff  bed  as  shown  by  i'  <^  and  a*  d\  This  can  be  done  most  accurately 

\>y  using  the  diagonals  d  h  and  c  (t  as  radii,  and  with  d  and  c  as 

centers  describe  the  arcs  h  //  and  (t  (f'  respectively,  and  intersect 


Fig.  130, 

them  by  arcs  struck  from  a  and  h  as  centers,  with  radii  equal 
respectively  to  a  h  and  h  a  as  shown.  In  precisely  the  same  manner 
obtain  the  intersection  c  and  d'  at  the  bottom.  Now  throutjh  the 
intersections  b*  ab  a'  and  d'  c  d  c  draw  the  curve  as  shown  by  bend- 
ing the  straight-edge  or  any  straight  strip  of  wood  placed  on  edge 
and  brought  against  the  various  intersections,  extending  the  curves 
at  the  ends  and  top  and  bottom  indefinitely.  Since  the  circumfer- 
ence of  the  circle  is  more  than  three  times  the  diameter,  and  as  we 
only  have  three  times  the  diameter  as  shown  from  r'  to  d'  and 
b'  to  a\  then  multiply  .1416  times  the  lx)ttom  and  top  diameter  d  c 
and  a  b  respectively,  and  place  one-half  of  the  amount  on  either  side 
of  the  bottom  and  top  curves  as  shown  by  e^  e\  and  //,  A'.  Now  take 
one-half  of  seven  times  the  thickness  of  the  metal  in  use  and  place 
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it  on  either  side  on  the  bottom  and  top  curves  as  shown  by/'./'a'"^ 
/,  -(',  and  draw  a  line  from  i  to_/and  *"  to_/".  To  this  lap  must  be 
allowed  for  riveting.     Tlie  desired  pattern  is  shown  by  i  'i f  f- 

Fig.  131  sliows  a  three-pieced  elbow  made  from  heavy  nietiil 
the  two  ond  pieces  fitting  into  the  center  pieces,  to  which  laps  are 
allowed  for  riveting.  The  principles  which  shall  be  explained  to 
cnt  these  patterns  and  make  the  necessary  allowance  for  any  tliicfc- 
ness  of  metal  is  applicable  to  any  elbow. 

In  Fig,  132  draw  as  previously  described'  the  elbow  ABC. 
below  G  II  draw  the  section  of  the  inside  diameter  as  D  whicli  if 
struck  from  ",  and  divide  into  equal  spaces  as  shown  by  tlie  tigurw 
1  to  5  on  both  sides.  Through  these  figures  draw  vertical  lin« 
intersecting  the  miter  line  J  c,  and  from 
these  intersections  parallel  to  c  d  dra» 
lines  intersecting  the  line  d  e  &e  shown- 
Before  obtaining  the  stretchout  tof 
these  elbows,  a  preliminary  drawing 
nmst  be  constructed,  in  which  an  allow- 
ance 18  made  for  the  thickness  of  thf 
material  that  is  to  be  used.  This  draw- 
ing makes  practical  use  of  a  principlf 
well  known  to  draughtsmen  from  ils 
application  to  the  proportional  division 
of  lines  and  it!  flearly  shown  at  (Ji).  In  allowing  for  the  thick- 
ness of  the  mfta!  in  ui^f,  it  is  evident  that  we  cannot  allow  it  at  one 
end,  !jnt  must  disli-iliute  it  niiifornily  throughout  the  pattern.  In 
(li)  draw  iuiv  horizontal  line  as  K  I-',  upon  which  place  the  stretch- 
out of  the  inside  diameter  of  the  |]i[ie  1),  as  shown  by  similar 
ligures  on  K  V.  From  1"*  on  F  F  lay  off  the  distance  1°  w  ecjnal 
to  7  times  the  tbickness  of  the  metal  in  use  as  before  e:cplaiiitil. 
Then  using  F  jis  center  nn<l  F  m  as  radius,  draw  the  arc  ;/*  1'  inter- 
secting the  vertical  line  drawn  from  1".  and  from  the  various 
intersections  from  1  to  1'^  on  F  F  erect  perj>endicular3  intersecting 
the  slant  line  1  1'  at  2'  3'  4',  etc.,  as  shown.  The  slant  line  1  1, 
with  the  various  intersections  is  now  the  correct  stretchout  for  the 
elliow  made  of  such  he.'ivy  niiiterinl  called  for  by  the  sjiecitications. 
On  <i  II  extended,  as  II  I,  ]ilace  the  stretchout  of  the  slant  line 
1  1'  as  shown  from  1  to  1'  on  H  I.     At  right  angles  to  H  I  and 
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from  th«  varioas  iritoraections.  erect  liut;s,  wliicli  are  intersected 
l»y  lines  drawn  parallel  to  II  I  from  similar  iminlM'red  iiiteraec- 
liona  on  the  miter  line  h  c.  Trace  the  curve  L  M.  L  M  I  II  shows 
the  {tattern  for  the  two  end  pieces  of  the  elhow. 

Aa  the  middle  section  A  in  Fig.  131  is  to  overlap  the  two  end 
jtieces,  it  is  unnecessary  to  allow  fur  any  additional  thickness  on 


Fig.  132. 
accoaot  of  this  lap  when   suitable  flanging  nmiliinea  are  available; 
bnt  eince  it  is  desirable,  in  some  instances,  to  make  an  allowance 
in  the  pattern  for  riveting,  the  method  of  allowing   for  this  lap 
will  be  explained. 

In  (R),  Fig.  132,  lay  off  on  the  line  E  F  the  diatance  m  n 
equal  to  7  times  the  thickness  of  the  metal  in  use,  and  with  radius 
equal  to  E  n.  draw  an  arc  intersecting  the  line  1"  1'  extended  at  1". 
Draw  the  slant  line  from  1"  to  1  and  extend  all  the  vertical  lines 
to  intersect  1  1"  at  2"  3"  4",  etc.     The  slant  line  1  1"  is  the  cor. 
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Tfct  stri'lrhoiit  for  llie  luiddli'  siH'tioii    I>.      At  rii£ht  untrles  to 

«lr:iw  J  Iv  iMjii:.!  lo  1  5"  1"  in  (|ir),  as  t?ho\vii  !»y  siniilsir  ti^urr 

.1   K,  throiiixh  which  draw  liiu»s  at   riijht  aiitjles  to  J  K,  ami  in 

siH't  till-Ill  hv  liiK*s  ilrawii  at  ritrht  aiijilcs  to  *1  *-  as  shown.     T 

thf  (Mirvfi]  lint'rs  to  ]>r(Kliuv  OPUS,  which  is  the  jmtteni  for 

middle  section,  to  whieh  flaiiires  an 

hiweil  as  shown  hv  dotteil  lines. 

The  ]>erspe<*tive  of  an    intersec 

between  ]»ipea  having  different   di 

eters  in  boiler  work  is  shown  in 

133.     While  the  method  of  ohtai 

the  patterns   is   similar  in  prineipl 

parallel  line  developments,  a  si 
Fit'.  YX\.  '  * 

change   is  required   in  obtain ing 

allowance  in  the  stretchout  for  the  thickness  of  the  metal  in 

Let  A  Ij,  Fig.  1.->L  rcjuvsent  the  [wirt  section  of  a  boiler  sti 

with  a  ratlins  e«|ual  to  3*^"  and  let  17  7    1    be  the  elevation  ol 

intersecting  J>ip**.   whose  insitle  diameter  is  4j^",  as  shown  ]>v 

2/ INSIDE    \® 

^Idiameter'* 


4Vril\ 

2".;?^  -  E  I    1 1  \ 

l)I\i»l<'  ili»»  ]i:ilf  sciMioii  1^7  into  an  eijual  nnmln'r  of  sj>ace 
immlMTiMl,  from  which  drop  vtMtical  lines  interst»cting  the  oul 
liiieor  tlic  ]>oiler  ut  1  to  7  as  ^liown.  A  true  stretchout  must 
be  obtaiiH-d  in  which  allowanct*  h;is  lu'cn  made  for  the  thick 
of  ilh»  iiu'inl  ill  iisr.  Thcrft'on*,  in  Y\\i.  l.-5o,  on  the  lioriz( 
line    A  15    lay    (»il'    tlic  strelchonl   of  twice   the  inside  sectio 
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the  pipe  in  Fig.  134,  as  shown  by  similar  figures  on  A  B  in  Fig. 
135,  adding  1^  r^,  equal  to  7  times  the  thickness  of  the  metal  in 
use.  For  example,  supposing  ^-inch  steel  was  used;  the  distance 
l^a  would  then  be  equal  to  7  X  J,  or  1|  inches.  Now  draw  the  arc 
a  r,  using  1  as  center,  which  is  intersected  by  the  vertical  line  drawn 
from  1^.  From  1'  draw  a  line  to  1,  and  from  the  various  points 
on  A  B  erect  perpendiculars  intersecting  1  1'  at  2'  3'  4',  etc.  1  1' 
shows  the  true  stretchout  to  l>e  be  laid  off  on  the  line  1  7  extended 
in  Fig.  134  as  1  1',  and  from  the  various  intersections  on  1  1'  drop 
vertical  lines  and  intersect  them  bylines  drawn  parallel  to  1  1'  from 
similar  intersections  on  the  curve  P  7^  as  shown.  Trace  a  curved 
line  as  shown  from  C  to  D.  1  C  D  1'  shows  the  pattern  for  the 
vertical  pipe  to  which  a  flange  must  l>e  allowed  for  riveting  as 
shown  by  the  dotted  line. 

It  is  now  necessary  to  obtain  the  pattern  for  the  shape  to  be 
eut  out  of  the  boiler  sheet,  to  admit  the  mitering  of  the  vertical 
pipe.  In  some  shops  the  pattern  is  not  developed,  only  the  vertical 
pipe  is  flanged,  as  shown  in  Fig.  133,  then  set  in  its  proj)er  posi- 
tion on  the  boiler  and  line  marked  along  the  inside  diameter  of  the 
pipe,  the  pipe  is  then  removed  and  the  ojx^ning  cut  into  the  boiler 
with  a  chisel.  We  give,  however,  the  geometrical  rule  for  obtain- 
ing the  pattern,  and  either  method  can  be  used. 

As  A  B  in  Fig.  134  represents  the  outside  diameter  of  the 
boiler,  to  which  7  times  the  thickness  of  the  metal  used  inust  be 
added  to  the  circumference  in  laying  out  the  sheet,  and  as  the  ver- 
tical pip©  intersects  one-quarter  of  the  section  as  shown  by  ff  h  r. 
take  the  stretchout  from  1^  to  7°  and  place  it  from  1""  to  7""  on 
F  G  in  (E),  to  which  add  7"^  <:',  equal  to  ^  of  7  times  the  thick- 
ness of  the  plate  used.  Draw  the  arc  c  7",  using  1  as  center, 
intersecting  it  by  the  vertical  line  drawn  from  7^  Erect  the  usual 
vertical  lines  and  draw  7"  F,  which  is  the  desired  stretchout.  Xow 
place  this  stretchout  on  the  line  A  B  in  Fig.  130,  erecting  vertical 
lines  as  shown.  Measuring  in  each  and  every  instance  from  the 
line  1  7  in  Fig.  134,  take  the  various  distances  to  points  2,  3,  4,  5, 
and  0  and  place  them  in  Fig.  136  on  lines  having  similar  numbers, 
measuring  in  each  instance  from  A  B  on  either  side,  thus  obtain- 
ing the  points  2,  3,  4,  5,  and  0.  Trace  the  curve  1^  4  7"  4,  which 
is  the  desired  8ha{)e. 
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Fi(^.  Vn  shows  Ji  porspec'tivo  of  a  jrusset  sheet  A  on  a  hn'o- 
motive,  the  method  of  obtain intr  this  pattern  in  heavy  metal  is 
shown  in  Fig.  VIH,  First  draw  the  end  view  ABC,  the  semi- 
circle 4  14  being  strnek  from  (f  as  center  with  a  radius  ecpial  to  2 


inches,  ^[ake  the  distance  4  to  ('  and  4  to  B  both  3|  inches  and 
draw  C  B.  Draw  the  center  line  A  F,  on  which  line  measure  up 
2^  inches  and  obtain  i,  which  use  as  center  with  radius  equal  to  (f 
4,  draw  the  section  of  the  boiler  D  E  F  G.  In  its  proper  position 
draw  the  side  view  11  I  J  K  L  M  N.  II  I  L  M  N  11  shows  the 
side  view  of  the  gusset  sheet  shown  in  end  view  by  G  A  E  D  (i. 
Divide  the  semicircle  4  1  4  in  end  view  into  equal  spaces  as 
shown,  from  which  draw  horizontal  lines  intersecting  II  N  in  side 


VliT.  i::«). 


FiiT.  l.'{7. 


view  from  1'  to  4'.  Froiri  these  iiiters(H'tions  ])arallel  to  11  I, 
dl-aw  lineri  indeiinitelv  interseclint**  1  L  from  1"  to  4".  At  riidil 
jingh's  to  N  \j  ])r()(liiced  draw  tlie  line  at  r  ^/,  on  which  a  true 
section  must  be  obtained  at  right  aiiglen  to  tlie  line  of  the  gusset 
sheet.  Measurintr  from  tlie  liiu^  A  D  in  end  view,  take  the  vari- 
ous  distances  to  jjoints  2,  )5,  and  4  and  ])lace  them  on  correspond- 
inc^  lines  measnrini»;  fi'om  the  line  c  d  on  either  side,  thus  obtainint; 
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the  intersections  l'^  to  4',  a  line  traced  through  these  points  will 
he  the  true  section.  In  (Y)  on  any  line  as  O  P  lay  oflf  the  stretch- 
ont  of  the  true  section  as  shown  from  4'^,  l'^,  4^.  As  the  gnsset 
sheet  only  covers  a  portion  equal  to  a  half  circle,  add  the  distance 
4"  e  equal  to  ^  of  7  times  the  thickness  of   the  metal  in  use  and 


Fig.  138. 

using  4^  at  tlie  left,  as  center  with  4*^  e  as  radius,  describe  the  arc 
e  4^,  intersecting  it  at  4^  by  the  vertical  line  drawn  from  4^  From 
O  P  erect  vertical  lines  intersectincr  the  line  drawn  from  4^  to  4^ 
at  3^,  2^,  1^,  etc.  4°  4^  is  the  true  stretchout,  and  should  be 
placed  on  the  line  R  8  drawn  at  right  angles  to  II  I.  Through 
the  numbers  on  K  S  and  at  right  angles  draw  the  lines  shown 
and  intersect  them  by  lines  drawn  from  similarly  numbered  inter- 
sections on  H  N  and  I  L  at  right  angles  to  H  I.     Through  points 
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thn.-i  ulilaiiit'il  trarr-  a  rurvrd  line  4^.  4^.  ami  4\  4^'.  It  now 
<'oni»'S  iH'<.v:<.-arv  to  a«M  the  trianiiiilar  iiitvt-  shown  liv  L  M  ^ 
r-irh'  vii'w,  to  tilt*  jiattrrij  wiiirli  can  l»e  dune  as  follows:  Using  1 
in  ride  vi«-w  u:<  ra*liws  and  4^'  at  either  end  of  the  jMitlern  as  < 
l<-r-.  dt-sfiihi'  the  arrs  //*  anil  y :  interseel  iheni  ]»v  arcs  struck  f 
4^  and  4"^  as  cfntrr-.  anil  M  N  in  si«le  view  as  nidi  us.  Thcnd 
lin<*s  from  1"  lo  ///  to  4^  in  the  jiattern  on  either  siile.  The  full 
tt-rn  r-hajH-  for  tin*  «rii>>i-t  sheet  will  then  l»e  shown  hy  /•'  4^  4 
4^'  4^,  U)  \ihich  lajis  nin>t  l»e  allowe*.!  fi»r  rivetini;. 

n^.  l->*»  r-hows  a  conical  ]»iece  connecting  two  lK»ilers  ^ 
the  llare  of  A  sn«-h  that  the  ratlial  lines  can  be  iiseil  in  develin 
the  pattern.  In  all  .-ncli  cases  this  niethiHl  should  l»e  nse<l  iu  | 
erence  to  that  <nvi'n  in  connection  with  Fii;.  130.  Thus  in 
liVJ  th»'  cfnttTs  of  tht'  two  hoilers  are  on  one  line  as  shown  hv 
\Vhi!e  the  pattern  is  di-vclojied  the  same  as  in  Harinj^  work 
method  of  allowini^  for  th«*  mrtal  ns«*d  is  shown  in  Kjij.  140. 

A  J>  ('  1>  is  the  elevi 
of  the  conical  piiH'e,  the 
insiile  section  Ikmuij  si 
hv   1  4  7  which   is  d'w 

m 

into  etjual  spaces.  1  7 
I  E)  is  the  full  slretchtu 
the  inside  section  A  4 
rh'valion.  Mini  1  '  i-  <•  jiim!  to  7  times  llie  thickness  of  the  i 
usrd.  "^1  he  liin-  1  1'  is  tlirii  <i!»taineil  in  the  usual  manner  a 
the  v:iri(»iis  iiitfiveciioiis  *J'  '.V  4,  rtc.  Now  extend  the  line? 
Mhd    IM'   in   flrx.iiion   nmil    llirv  irieet   the  center  line  «/  /» 

I 

Tlien  u.-iiiii"  'f  '■  :ni<l  ''  //  dniw  the  arcs  1'  7'  and  1"  7".  IVi 
di'aw  a  i-a«linl  line  \n  '/.  intcrscctinir  the  inner  arc  at  1".  No 
the  divi<leis  e.|ii.il  t«)  tin*  ^p:ic»'s  on  1  1'  in  «Ktand  starting  fri 
in  the  pattern  step  oil'  «»  -|»aces  and  draw  a  line  from  7'  to*/  i 
sectin^  tlie  innei-  aiv  at  7".  1'  7'  1"  7"  shows  the  half  patte 
which  llan""es  iMii>t  he  allowrd  for  rivetinif. 

Fiii".  in  shows  a  \  lew  oi"  a  scroll  si^i^n,  generally  mat 
heavy  ^leeK  liea\  y  c(»|»per,  or  heavv  hrass.  So  far  as  the  si 
conci'rned  it  is  >implv  a  matter  of  doiirnincx,  hut  what  shi 
o-ivi-n  attention  here  is  the  manner  of  ohtainincr  the  pitten 
elevation  of  the  scroll.      As  tln'rrc  ^crtills  are  usually  rolled  i 


I-'il:.   l.'5i«. 
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1    of    a    spiral,  the  method   of  drawing    the    spiral    will   first 
hewn.  . 

Establish  a  center  point  as  a'  in  Fig.  142,  and  with  the  desired 
us  descril)e  the  circle  shown,  which  divide  into  a  polygon  of 


b      ELEVATION 


^_  _  _  _____3^a 


I  e 


Fig.  140. 

number    of    sides,  in  this  case  being  0  sides  or  a  hexagon. 

more  sides  the  polygon  has,  the  nearer  to  a  true  spiral  will 

figure  be.     Therefore  number  the  corners  of  the  hexagon  1  to 


^vvetT  Mer^ 


WORK 


4. 


AND  PLUMBING. 
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4: 


** ■»!   Ill  I       I*** 
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id  draw  out  each  side  indefinitely  as  I  </,  2  /y,  3  r,  4  ^/,  5  <',  and 

Now  using  2  as  center  and  2  1   as  radius,  de8crii)e  the  arc 

;  then  using  3  as  center  and  3  A  as  radius,  describe  the  arc 
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A  B,  and  proceed  in  similar  manner  using  as  radii  4  B,  5  C,  H  P. 
and  1  E,  until  the  part  of  the  spiral  shown  has  been  drawn.  Then 
using  the  same  centers  as  before  continue  until  the  desired  spiralis 
obtained,  the  following  curves  running  parallel  to  those  first  drawn. 
The  size  of  the  polygon  a'^  determines  the  size  of  the  spiral. 

In  Fig.  143  let  A  B  C  1)  represent  the  elevation  of  one  corner 
of  the  flag  sign  shown  in  Fig.  141.  In  its  proper  position  in  Fig. 
143  draw  a  section  of  the  scroll  through  its  center  line  in  elevation 
as  shown  by  a  17  to  1,  which  divide  into  equal  S|)ace3  as  shown 
from  1  to  17.     Supposing  the  scroll  is  to  l)e  made  of  J  inch  thick 


Pig.  142. 

metal,  and   as  the  spiral  makes  two  revolutions  then   multiply  i 
by  14,  which  would  ecjual   V\   inches.     Then  on   E  F  in  Fig  144 
place  the  stretchout  of  the  spiral  in  Fig.  143,  as  shown  by  similar 
nuinbers,  to  which  add  17  E  equal  to  14  times  the  thickness  of 
metal  in   use,   and  draw   the  arc   E  17'  in  the  usual  manner  ami 
obtain  the  true  stretchout  with  the  various  intersections  as  shown. 
Through  the  elevation  of  the  corner  scroll   in    Fitr.  143  draw   the 
center  line  E   F,  upon   which   j)lace  the  stretchout  of  17'  E,  Fiir. 
144,  as  shown  by  similar  numbers  on   EF  in  Fig.  143.     At  ritdii 
angles  toE  F,  through  I'and  17',  draw  17    17  equal  to  AB  and  11 
equal  to  the  desired  width  of  the  scroll  at  that  |K)int.     Tlien  at 
pleasure  draw  the  curve  1'  17'  on  either  side,  using  the  straight- 
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eilfTii  and  Ixjiiding  it  as  re<juired.     Then  will  1'  1'  17'  17'  Iw  the 
[)attern  for  the  scroll  using  heavy  metal. 

If  it  is  desired  to  know  how  this  scroll  will  look  when  rolled 
uf),  then  at  right  angles  to  E  F  and  through  the  intersections  I'to 
17'  draw  lines  intersecting  the  curves  of  the  pattern  1-17  on 
both  sides.  From  these  intersections,  shown  on  one  side  only, 
drop  lines  intersecting  similar  numbered  lines,  drawn  from  ilie 
intersections  in  the  profile  of  the  scroll  in  section  parallel  to  A  B. 
To  avoid  a  confusion  of  lines  the  points  1^,  3^,  5^,  7^,  10^,  12^, 
and  17^  have  only  been  intersected.  A  line  traced  through  ]K)int3 
thus  obtained  as  shown  from  1^  to  17^  in  elevation  gives  the  pro- 
jections at  the  ends  of  the  scroll  when  rolled  up. 
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PLATE   III. 


In  this  plate  a  set  of  pipe  fittings  is  sliovvn  which  should  bo 
drawn  by  the  student  carefully  according  to  the  measurements 
which  will  be  given.  If  necessary,  copy  it  before  sending  for 
examination  and  correction.  This  plate  should  be  laid  out  the 
same  size  as  previous  plates  and  the  border  lines  drawn  as  before. 
There  are  five  fittings  shown  which  will  require  six  patterns. 
Reproduced  plates  of  the  patterns  are  not  sent  to  the  student;  he 
should  work  out  the  problems  for  himself  according  to  directions 
given.  First  draw  in  Plate  III  the  rectangular  section  A  B  C  D, 
makincr  it  Ig  X  2S  inches,  with  the  line  A  B  i-inch  below  the 
margin  line,  and  A  B  ^-inch  to  the  right  of  the  margin  line.  Now 
wither  in  the  section  as  center  and  with  radius  equal  to  ^-inch  draw 
the  circle  G  II IJ  so  that  I  will  be  tangent  at  D  C  and  G  I  be  central 
in  the  section.  Then  A  B  C  D  will  be  the  true  section  on  E  F, 
while  G  II  I  J  shows  the  section  on  the  line  K  L.  Draw  E  F  one- 
quarter  inch  from  the  line  B  C,  and  at  right  angles  to  E  F,  draw 
F  L  equal  to  2J  inches  and  from  L  erect  the  line  L  K  1 J  inches 
or  equal  to  the  height  of  the  circle  I  G  in  section.  Draw  the  line 
K  E.  E  F  L  K  represents  the  side  elevation  of  a  transition  piece 
whose  base  is  rectangular  and  whose  top  is  round,  as  shown  in  the 
section.  The  dotted  lines  in  section  and  elevations  show  how  the 
figure  is  divided  into  sections  of  scalene  cones,  necessary  when 
developing  the  patterns.  Now  extend  the  line  K  L  as  K  h  and 
with  radius  equal  to  lA  inches  draw  the  quadrant  L  M  from  h  as 
center.  Then  using  b  again  as  center  with  h  K  as  radius  draw  the 
outer  arc  K  N,  intersecting  the  horizontal  line  drawn  from  h. 
Draw  the  3-piece  elbow,  whose  section  is  shown  by  (i  II  I  J,  as 
explained  in  connection  with  Fig.  42,  Part  I.  Draw  the  center 
dotted  line  through  the  elbow  and  from  n  on  the  horizonal  line 
f*  N  extended  lay  off  a  distance  equui  to  oin'  iucli  as  \^,  From  V^^ 
measure  down  on  a  vertical  line  a.  distance  equal  to  4jJ  inches,  to 
the  point  w.  Using  w  fts  center  with  a  radius  eijual  to  1|  inches 
describe  the  circle  K  S  T.     From  w  on  the  vertical  line  measure 
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up  a  distance  of  1|  inches  to  x  and  through  x  draw  the  horizontal 
line  ()  P,  making  x  O  and  x  P  each  IJ  inches.  From  0  ami  P 
drop  vertical  lines  intersecting  the  circle  at  S  and  R.  Draw 
M  P  and  N  O,  forming  the  transition  piece  W,  which  connects 
round  pipes  with  diameters  equal  to  M  X  and  P  O  respectively. 
X  shows  the  side  elevation  of  the  collar  connecting  the  main  pipe 
R  S  T  with  the  transition  piece  W. 

A  front  elevation  of  the  fittings  should  be  drawn  as  follows: 
Draw  tlie  C(*nter  dotted  vertical  line  fifl  2^  inches  to  the  left  of  the 
margin  line,  and  from  the  various  intersections  in  the  side  eleva- 
tion draw  the  dotted  lines  shown.     Draw  a  broken  view  of  the 
main  pij»e  V,  |  inch  from  the  margin  line,  and  making  lx)th  sides 
equal  distance  from  the  center  line.    Draw  the  intersection  between 
the  collar  and  main  pi[)e  as  shown  by  /  S^  /',  drawing  a  curved 
line  through  these  ]»oints.     P^'  O^'  and  M^'  N^  represent  the  same 
diameters  as  V  Oaiid  M  N  in  side  elevation.     Tliey  are  measured 
on  either  side  of  the  center  line  r  *f  in  front  elevation.     /  f  h'  f 
is  a  front  elevation  through  f  f  It  in  side  view,  while  L*  K*  is  a  true 
section   on   K  L.     A'  !]'('•  iV   is  equal  to  A  B  C  D   in  section. 
Draw  dotted  lines  shovvincr  the  transition  from  the  rectantrular sec- 
tion  to  round  as  given  in  the  front  elevation.     When  this  has  been 
done  Plate  III  is  completed. 

We  have  now  five  fittings  for  which  the  patterns  must  be 
developed,  an<l  for  wliich  no  repHwluced  plates  are  sent.  The 
student  sliould  follow  the  rules  given  in  previous  problems. 

PLATE  IV. 

The  pHl terns  foi'  ihc  transition  piece  V  and  the  8-piei*eil  ellK)W 
V  constitute  Plate  IV. 

To  obtain  tht^  ])atteriis  for  the  transition  piece  I\  use  the  de- 
scription given  in  connt*ction  with  Figs.  14  and  15,  but  layoff  the 
diagram  of  triangh*s  similar  to  the  directions  given  in  coniuHJtion 
with  Figs.  7S  to  M.  Tlu*  patterns  for  the  8-pieced  elbow  V  should 
be  dt*velop<'<l  as  described  in  eonnirtion  with  Figs.  40  and  47. 
Th(»se  two  problcMhs  V  and  \'  should  l)e  can^fully  laid  out  on  sim- 
ilar siz<Ml  plate  as  jjreviously  used.  Care  should  l>e  taken  not  to 
allow  any  of  the  ])atterns  to  come  within  ^  inch  of  the  mannn  line 
and  j)hice  the  patterns  in  such  [)ositions  to  make  a  neat  appearance. 
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PLATE  V. 

The  patterns  of  W  and  X,  together  with  the  jwttern  for  the 
opening  in  Y,  constitnte  this  plate. 

To  obtain  the  pattern  for  the  transition  piece  W,  use  the  rule 
described  in  connection  with  Figs.  11  to  13,  and  for  the  pattern  X 
nse  rules  de8cril)ed  in  connection  with  Ficjs.  133  and  134.  In  this 
case  we  make  no  allowance  for  the  thickness  of  tlie  metal  as  shown 
in  those  figures,  but  assume  that  we  are  using  ordinary  gauge 
metal.  For  the  pattern  for  the  oj^ening  in  the  main  pipe  Y  use 
rules  given  in  connection  with  Figs.  134. and  136,  and  also  omit 
allowing  for  heavy  material. 

EXAMINATION  PLATES. 

Plates  III  to  V,  inclusive,  constitute  the  Examination  for  this 
Instruction  Paper.  As  above  mentioned.  Plates  IV  and  V  are 
drawn  by  the  student  himself,  and  therefore  no  reproduced  plates 
are  sent.  The  date,  student's  name  and  address,  and  the  plate 
number  should  be  lettered  on  each  plate  in  inclined  Gothic  capitals. 
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PRACTICAL    PROBLEMS     IN     MENSURATION 
FOR   SHEET   METAL  WORKERS. 


A  square  tank,  Fig.  1,  is  required  whose  capacity  should  be 
200  gallons,  the  sides  h  a  and  a  c  each  to  be  30  inches;  how  high 
must  c  (I  be,  so  that  the  tank  will  hold  the  desired  quantity  ? 

Supjx)se  the  height  ^  ^  is  to  be  h\\  inches,  and  the  tank  is  to 


CAPACITY 
5IO  GALLONS 


Fig.  1. 


Fig.  2. 


have  similar  capacity,  and  one  side  v  a  is  to  be  20  inches  wide, 
how  long  must  the  alternate  side  a  h  be,  so  that  the  tank  will 
hold  200  gallons  ? 

A  round  tank.  Fig.  2,  is  to  be  constructed  whose  capacity 
should  equal  510  gallons,  and  be  5  feet  high  from  c  to  a\  what 
must  its  diameter  a  h  be,  so  as  to  hold  the  desired  capacity  'i 

Suppose  the  diameter  of 
the  tank  is  to  be  50  inches 
as  ^^  h\  what  must  its  height 
((  r  be,  so  that  the  tank  will 
hold  510  gallons  ? 

A  large  drip  pan,  Fig.  3,  is 
to  be  constructed   whose   ca- 
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Fig.  3. 


pacity should  be  105  gallons, and  whose  top  measurements  (f  h  and  b  c 
are  60  X  40  inches  respectively,  and  bottom  measurements  rfe^and. 
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//y'84:  X  0-i  inches  respectively;  what  nnist  its  height  m  n  l»e,  so 
as  to  hold  the  desired  volume  ? 

A  round  taj)ering  measure,  Fig.  4,  is  to  be  constructed  whose 
volume  will  equal  42  quarts;  its  bottom  diameter  a  h  is  to  l>e  14 


Fig.  4. 

inches,  its  top  diameter  r  i1  18  inches;  what  must  its  height  t^  f\yd 
to  hold  the  desired  quantity  ? 

An  elliptical  tapering  tank,  Fig.  5,  is  to  lie  constructed  whose 
major  axis  m  h  is  2-4  inches,  and  minor  axis  c  d  14  inches  at  the 
top,  while  at  the  bottom  the  major  axis  ef\^  20  inches,  and  minor 
axis  ^  A  10  inches;  the  capacity  of  the  tank  should  equal  44 
quarts;  what  must  the  height  i)i  n  be,  so  that  the  tank  will  hold 
the  desired  amount  'i 

A  tank.  Fig.  0,  is  to  be  constructed  with  semicircular  ends 
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Fig.  0.  Fig.  7. 

wlu).-:t^  capacity  sliouKl  equal  30  gallons;  the  length  a  ^  to  be  20 
inches,  and  the  dianietcrs  of  r  and  d  to  be  each  10  inches;  what 
must  the  heitrlit  r  th(\  so  that  the  tank  will  hold  the  desired 
quantity  ? 

Suppose  the  height  ^ /'is  to  be  24  inches,  the  diameters  e  and 
</  each  11  inches;  what  must  the  length  of  t(  h  be,  so  that  the  tank 
will  hold  30  gallons  i 


266 


PROBLEMS  IN  MENSURATION 


III  Fig.  7  is  shown  a  fitting  used  in  ventilation  piping;  the 
diameter  a  b  is  11^  inches  and  it  is  desired  that  the  oblong  pipe 
on  the  opposite  end  shall  have  an  area  similar  to  the  round  pipe  a  h\ 
if  ^ymust  be  5  inches,  what  must  cdheso  that  both  areas  are  alike  ? 

Suppose  the  pipe  is  to  be  square  in  place  of  oblong,  what  must 
the  length  of  each  side  be,  so  that  both  ends  have  similar  area  ? 

In  Fig.  8,  fl^  J  is  40  inches  in  diameter;  and  each  one  of  the 
branches  <?,  rf,  and  e  are  to  have  equal  diameters,  what  must  the 
diameter  of  the  branches  be,  so  that  the  combined  area  of  c^  dy 
and  e  will  equal  the  area  oi  a  h'i 

If  c  is  10  inches  in  diameter,  fl  12  inches,  and  e  8  inches, 
what  must  be  the  diameter  of  a  J,  to  have  the  combined  area  of 
the  branches  ? 

Fig.  9  shows  a  transition   piece  from  a  round  pipe  a  to  an 
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Fig.  10. 

elliptical  pipe  *,  both  sections  to  have  similar  area;  if  the  round 
pipe  is  24  inches  in  diameter,  and  the  major  axis  of  the  elliptical 
pipe  must  be  32  inches,  what  must  the  minor  axis  of  h  be  so  that 
the  area  at  b  will  equal  the  area  of  «? 

If  the  minor  axis  of  b  is  to  l^e  10  inches  and  the  major  axis  35 
inches,  what  must  the  diameter  of  a  be,  so  that  both  sections  will 
have  similar  area  ? 

In  Fig.  10,  a  is  20  inches  in  diameter  and  forms  a  transition 
to  an  oblong  pipe  with  semicircular  end;  the  semicircular  ends 
are  to  be  10  inches  in  diameter;  what  must  the  length  of  c  d  be, 
so  that  the  area  of  b  will  be  equal  to  the  area  of  a  ? 

If  the  pipe  b  measured  40  X  11  inches,  having  semicircular 
ends,  what  must  the  diameter  of  a  be,  so  that  both  sections  are 
equal  in  area? 

If  a  is  20  inches  in  diameter  and  the  upper  section  was  to  be 
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rectangular  in  shape,  8  inches  wide,  what  would  the  lengtli  of  the 
upper  section  be  ? 

Suppose  the  upper  section  b  was  desired  to  be  square,  what 
must  the  length  of  each  side  be,  to  have  an  area  similar  to  a  ? 

In  Fig.  11  is  shown  the  illustration  of  an  ordinary  steel  square, 
and  the  method  is  given  of  obtaining  accurate  diameters  of  pips, 
round  or  square,  without  any  computation  whatever,  the  rule  being 
based  on  the  geometrical  principle  that  the  square  of  the  hypothe- 
nuse  of  a  right  angle  triangle  is  equal  to  the  sum  of  the  squares 
of  its  base  and  altitude.     To  illustrate  the  rule.  Fig.   12  has  been 
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Fig.  11. 

prepared.  Let  A  represent  a  round  or  square  pipe,  20  inches  across, 
and  B  a  round  or  square  pipe  12  inches  across;  it  is  desireil  to 
take  a  branch  from  the  main  so  tliat  the  two  branches  B  and  C  will 
equal  the  area  of  the  main  A.     What  must  the  size  of  C  be  ? 

The  size  of  C  is  found  by  simply  taking  a  rule  20  inches 
long  and  placing  one  end  on  the  arm  of  the  square  in  Fig.  11,  on 
the  number  12,  when  the  oj)posite  end  of  the  rule  will  touch  the 
number  IG.  Then  10  is  the  required  size  of  the  branch  C  in  Y\<^. 
12.  We  can  prove  this  by  comj)Utation  which,  however,  is  not 
necessary  in  practice.  The  area  of  a  20- inch  round  pipe  e<juals 
314.10  in.;  area  of  12-in.  pipe  =  113.098  in.;  area  of  10-in. 
pipe  =  201.002  in.;  and  113.098  in.  +  201.002  in.  =  314.100  in. 
The  area  of  a  20-in.  square  pipe  =  400  in.;  area  of  12-in.  square 
pipe  =  144  in.;  area  of  10-in.  square  pi{)e  ==  250  in.;  and 
250  in.  -t    144  in.  =  400  in. 
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Su[)[»os('  any  two  bnmclies  are  given  as  1>  and  ( ■  in  Fig.  12, 
what  must  the  size  of  A  he  so  tliat  its  area  will  have  the  com- 
bined area  of  the  two  branches  'i 

Simply  set  the  rule  on  the  numbers  12  and  10  on  the  two 
^  ^  arms  of  the  square  respectively,  and  the  length 
^  from  ff  to  fj  in  Fig.  11  will  measure  20  inches. 
If  A,  Fig.  12,  were  given,  and  two  branches 
were  required,  so  that  B  and  C  were  both  of 
equal  size,  then  simply  set  the  rule  20  inches 
long,  on  both  arms  of  the  square  so  that  the 
distance  from  O  to  ^  and  O  to  d  would  be 
equal,  as  shown  in  Fig.  11,  which  w^ould  be 
found  to  measure  14|  in.  plus  a  least  trifle. 
This  rule  can  be  used  to  advantage  for  any  size  round  or  square 
])ij)e  in  blower,  blast,  heat,  and  ventilating  piping,  saving  time  and 
trouble  in  computation.  Where  no  square  is  at  hand,  one  can  be 
dniwn  on  paper  and  used  for  work  of  this  kind. 
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An  imjiortatit  part  of  the  twhnitMl  education  of  those  con- 
DKL-tiHi  with  tiiismithB'  work  is  a  knowledge  of  laying  ont  patterns, 
Whfn  making  the  various  forms  of  tinware,  or,  as  they  are  com- 
monly c'ftllii^l,  housufurniahing  goods,  tho  greatest  care  must  be 
taken  in  developing  the  patterns,  for  if  a  tniatako  of  but  one  point 
is  made,  the  pattern  will  lie  useU^Bs.  There  are  general  geometri- 
cal  principles  which  are  applied  to  this  work  which,  when  thor- 
oughly  understofxl,  make  that  part  plain  and  simple,  which  would 
otherwise  appear  intricate,  Tiese  principles  enable  the  student 
to  lay  ont  different  patterns  for  variona  pieces  of  tinware  where 
the  methixls  of  construction  are  similar. 


Fig.  2. 

Construction.  Before  laying  out  tLe  pattern  for  any  piece  of 
tiEiware,  the  method  of  construction  should  be  known.  Knowing 
this,  the  first  thought  should  be:  Can  the  pattern  lie  developed  and 
cut  from  one  pie<re  of  metal  to  advantage,  as  shown  in  Fig.  1,  or 
will  it  cut  to  waste,  as  shown  in  Fig.  2  !  Will  tho  articles  have 
soldered,  grooved  or  riveted  seams,  as  shown  respectively  by  A,  B 
and  (.',  in  Fig.  3  1  Also,  will  the  edges  Ix'  wired  or  have  hem  edges 
at  the  top,  aa  shown  respectively  by  A  and  B,  in  Fig,  4  "i  Some, 
tinicfl  the  pattern  can  be  laid  out  in  such  a  way  that  the  article 
may  Ih>  made  up  of  two  or  more  pieces,  so  that  the  patterns  may 
t>e  laid  in  one  another,  as  shown  in  Fig.  5,  thereby  saving  material. 
This  is  a  plan  that  should  always  be  followed  if  jxjssible. 

When  the  patterns  are  developed,  ti  n  jilate  should  be  obtained 
of  such  size  as  to  have  as  little  waste  ns  [>ossible. 

By  means  of  the  table  on  pages  45— iT  tin  plate  maybe  ordered 
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which  will  cut  to  advantage,  for  there  is  nothing  worse  in  a  tin- 
shop  than  to  see  a  lot  of  waste  plate  under  the  benches,  whereas  a 
little  foresight  in  ordering  stock  would  have  saved  material. 

Capacity  of  Vessels.  Sometimes  the  tinsmith  is  required  to 
make  a  piece  of  tinware  which  will  hold  a  given  quantity  of  liquid. 
The  methods  of  finding  the  dimensions  are  given  in  Arithmetic 
and  Mensuration,  which  subjects  should  be  reviewed  before  begin- 
ning this  work. 

Shop  Tools.  The  most  important  hand  tools  required  by  the 
tinsmith  are:  hammer,  shears,  mallet,  scratch  awl,  dividers  and 
soldering  coppers.  The  other  tinsmith  tools  and  machines  will  l>f 
explained  as  we  proceed. 
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Fig.  3. 


Pig.  4. 


Fig.  5. 


Various  Methods  of  Obtaining  Patterns.     The  pattern  draft- 
intr  for  this  course  is  divided  into  two  classes: 

o 

1.  Patterns  which  aro  developed  by  means  of  parallel  linos. 

2.  Patterns  which  are  developed  by  means  of  radial  lines. 

The  principles  which  follow  are  fundamental  in  the  art  of 
pattern  cutting  and  their  application  is  universal  in  tinsmiths'  work. 

INTERSECTIONS  AND  DEVELOPMENTS. 

The  layiiif^  out  of  i)atterns  in  tinsmiths'  work  beloncrs  to  that 
(le])artiiuMit  of  descriptive  creonietry,  known  as  development  of  sur- 
faces, which  means  the  layintr  out  Hat  of  the  surfaces  of  the  solids, 
the  flat  surfaces  in  this  case  beini^  the  tin  plate.  In  Ficr.  0  is  shown 
one  of  the  most  simple  forms  to  be  develojHHl  by  |>arallel  lines, 
that  of  an  octaj^onal  prism.  This  problem  explains  certain  fixed 
rules  to  be  observed  in  the  development  of  all  {)arallel  forms, 
which  are  as  follows: 

1.  There  must  be  a  y>A^//,  ilrr*ifinn  or  other  view  of  the 
article  to  be  made,  showino;  the  line  of  joint  or  intersection,  and 
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in  line  with  wbicb  tuaat  be  drawn  a  ewitiuu  or  profile  of  tiie  article. 
Thus,  ABCD  Bbi>wa  the  view  of  the  article.  AL  the  line  of  joint 
or  intcnwclioii,  anil  E  the  profile  or  section  of  the  article. 

2.  The  J'riijfff  or  section  (if  curved)  unist  he  divided  into 
tMjual  (tpaecs  (the  more  upacee  employed  the  more  accurate  will  he 
tbo  iMttleni),  from  which  lines  are  drawn  jmrallel  to  the  lines  of 
UiH  article  intersecting  the  line  of  joint  or  intersection.  Thus 
friJin  the  corners  nuiiiliered  1  to  S  in  the  profile  E,  lines  are  drawn 
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fArnllcI  to  the  line  of  the  article,  interaecting  the  line  of  joint  AL 
from  1"  to  8".  In  Fij^.  7,  where  the  section  A  ia  curved,  this  is 
divided  into  eijual  spaces. 

3.  A  stiWrhout  line  (showing  tlie  amount  of  material  the 
article  will  rwjnire)  is  next  drawn  at  right  angles  to  the  line  of  the 
article,  upon  which  in  placed  each  space  contained  in  the  section 
or  profile.  Thna  JF,  in  Kig.  0,  is  the  stretchout  line,  which  eon- 
tumt  the  true  amount  requiretl  to  enclose  the  profile  K. 

At  right  angles  to  the  stretchout  line,  and  from  the  inter- 

us  thereon,  draw  lines  called  the  inrnmi ruuj  Hih.h.     Thus. 
e  intersections  1 '  to  S'  on  JF  lines  are  drawn  at  right  angles 
lathe  stretchout  line  JF,  which  are  calli-d  measuring  lines, 

r>.     From  the  intersections  on  tha  line  of  joint  draw  lines  in- 
wtiiig  similarly  nnmhere<l  measuring  lines,  which  will  result 

9  |iatlerM  s!i!i|K'.     IIhis  lines  drawn  from  the  intersretiuiis  un 
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the  line  AL  at  right  angles  to  BC  intersect  similarly  numbered 
measuring  lines  as  shown.  Then  JIHF  will  be  the  development 
for  an  octagonal  prism  intersected  by  the  line  AL  in  elevation. 

This  simple  problem  shows  the  fundamental  principles  in  all 
parallel-line  developments.  What  we  have  just  done  is  similar  to 
taking  the  prism  and  rolling  it  out  on  a  flat  surface.  Let  the 
student  imagine  the  prism  before  him  with  the  corners  blackened 


Fig.  7. 

and  starting  with  corner  1  turn  the  prism  on  a  sheet  of  white 
jMiper  until  the  j)oint  1  is  again  reached,  when  the  result  will  cor- 
res])ond  to  the  development  shown.  Bearing  these  simple  rules 
in  mind,  the  student  should  have  no  difliculty  in  laying  out  or 
develo])ing  the  forms  which  will  follow. 

Fig.  7  shows  the  develojnnent  of  a  cylinder,  and  also  shows 
the  principles  which  are  applieil  in  spacing  circular  sections  or  pro- 
tiles,  as  explained  for  jmrallel  developments.  A  shows  the  profile 
or  section,  B  the  elevation,  and  CD  the  stretchout  line  or  the 
amount  of  material  required  to  go  around  the  circle.  By  drawing 
the  measuring  lines  CF  and  DK  and  connecting  them  by  the  line 
FE,  we  obtain  CDEF,  which  is  the  development  of  the  cylinder. 

Fig.  8  shows  how  to  obtain  the  development  of  the  surfaces 
of  an  intersected  hexagonal  prism,  the  angle  of  intersection  being 
45^  First  draw  the  elevation  ABCD  and  the  section  E  in  its 
[)ro[)er  position  below.  Number  the  corners  in  the  section  1,  2  and 
3,  as  shown,  from  which  erect  perpendicular  lines  intersecting  the 
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plane  AB,  as  shown  by  1*^,  2°  and  3^  Bisect  the  lines  1 — 1  and 
3 — 3  in  plan  obtaining  the  points  F  and  H  respectively,  and  draw 
the  line  FH.  This  line  will  be  used  to  obtain  dimensions  with 
which  to  construct  the  developed  surface  on  the  plane  AB.  At 
right  angles  to  AB  and  from  the  intersections  1°,  2°  and  3°  draw 
lines  as  shown.  Parallel  to  AB  draw  the  line  F^  H^.  Now, 
measuring  in  each  instance  from  the  line  FH  in  £,  take  the  dis- 
tances to  1,  2  and  3,  and  place  them  on  similarly  numbered  lines 
drawn  from  the  plane  AB,  measuring  in  each  instance  from  the 


Fig.  8. 

line  F^H^  on  either  side,  thus  obtaining  the  points  1',  2'  and  3'. 
Connect  these  points  by  lines  as  shown;  then  J  will  be  the  true 
development  or  section  on  AB. 

For  the  development  of  the  prism,  draw  the  stretchout  line 
KI  at  right  angles  to  AD,  upon  which  place  the  stretchout  of  the 
section  E,  as  shown  by  similar  numbered  intersections  on  KI. 
From  these  intersections,  at  right  angles  to  KI,  draw  the  measur- 
ing lines  shown,  which  intersect  with  lines  drawn  from  similar 
numbered  intersections  on  the  plane  AB,  at  right  angles  to  BC. 
Through  the  intersections  thus  obtained,  draw  the  lines  from  L  to 
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M.     Then  KLMI  will  be  the  pattern  or  development  of  the  inter- 
sected prism. 

Fig.  9  shows  the  development  of  an  intersected  cylinder.  A 
is  the  elevation  and  B  the  profile  or  plan.  As  each  half  of  the 
development  will  be  symmetrical,  divide  the  profile  B  into  a  num- 
ber of  equal  parts,  numbering  each  half  from  1  to  5,  as  shown. 
From  these  points  perpendicular  lines  are  erected,  intersecting  the 
plane  1^  —  5^  at  1^ ,  2^ ,  3^ ,  4^  and  5^ .  A  stretchout  is  now  made 
of  the  profile  B  and  placed  on  the  horizontal  stretchout  line  CD. 
the  points  being  shown  by  5',  4',  3',  2',  1',  2",  3",  4"  and  5".    From 
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these  points  measuring  lines  are  erected  and  intersected  by  similar 
numbered  lines  drawn  from  the  plane  1^  —  5^' at  right  angles  to  the 
line  of  the  cylinder.  A  line  traced  through  points  thus  obtained 
will  be  the  development  of  the  intersected  cylinder.  In  this  case 
the  buttincr  edtje  or  ioint  line  of  the  cylinder  is  on  its  shortest  side. 
If  the  butting  edge  were  desired  on  its  longest  side,  it  would  be 
necessary  to  change  only  the  figures  on  the  stretchout  line  CD, 
makincr  1'  start  at  5'  and  end  at  5". 

AV^here  two  prisms  intersect  each  other,  as  shown  in  Fig.  10, 
it  is  necessary  to  find  the  |)oints  of  intersection  before  the  surfaces 
can    be    developed.     Thus   we  have    two    unequal    quadrangular 
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I  [ntereectiii^  disj^nally  ut  right  anglea  to  each  other.  Wc' 
araw  the  Bection  of  the  horiKoiital  prisms  as  shown  by  B  in 
tliB  t'lid  vivw,  from  which  the  side  view  A  is  projected  as  shown. 
From  tlie  corner  Tin  the  section  B  erect  the  perpendicular  line 
rC.  aiid  above  in  ila  pro[)er  [wsition  druw  the  section  D  of  the 
vertical  priniii,  and  nnnil>er  the  corners  1,  2,  3  and  4.  From  the 
comers  1  and  3  drop  vertical  lines  interseelirio  the  protile  B  at  1' 
and  3',  T  representing  the  [lointa  2'  and  4'  obtained  from  2  and  -I 
in  T).  From  the  |K)int8  1'  and  3'  in  B,  draw  a  horizonlal  line 
ihrwuyh  the  side  view,  and  locate  the  center  of  the  vertical  prism 
as  3",  from  which  erect  the  perjjendicular  line  3"  —  1.  Now  take 
a  dupli<-ate  of  the  section  D  and  place  it  as  shown  by  F,  allowing 
it  to  make  a  qiiart^^r  turn  (510°);  in  other  words,  if  we  view  the 
vertical  prism  from  the  end  view,  the  |K)int  1  in  section  D  faces 
Ihe  left,  while  if  we  stood  on  the  right  side  of  the  end  view  the 
point  1  wonld  point  ahead  in  the  direction  of  the  arrow.  The  side 
view  therefore  represents  a  view  standing  to  the  right  of  the  end 
view,  and  therefore  the  section  F  makes  a  quarter  lurn,  bringing 
Ihe  corner  1  toward  the  top.  From  points  2  and  4  in  section  F 
drop  veriiea!  lines  intersecting  the  line  drawn  from  the  corner 
2*  — 4' in  B,  thus  obtaining  the  intersections  2"  —  4"  in  the  side 
i-iew.  Draw  a  line  from  4"  to  3"  to  2",  which  represents  the 
intereectioD  betweea  the  two  prisms. 

To  develop  the  vertical  prtam,  draw  the  horizontal  stretchout 
line  H  I,  and  upon  it  place  the  stretchout  of  the  profile  D  as  shown 
by  similar  figures  on  111.  Draw  the  measuring  lines  from  the 
points  1,  2,  3,  4,  1,  at  right  angles  to  III,  which  iuteraects  with 
lines  drawn  at  right  angles  to  the  line  of  the  vertical  prism  from 
intersections  having  similar  numbera  on  B,  A  line  traced  through 
the  points  thns  obtuined,  as  shown  by  HIL.T  will  be  the  develop- 
m«nt  of  the  vertical  prism.  The  development  of  the  horizontal 
prism  with  the  opening  cnt  into  it  to  admit  the  joining  of  the 
Vortical  prism  it>  shown  in  Fig.  11,  und  is  drawn  as  follows:  Draw 
any  vertical  line  O"  T',  and  on  this  line  place  the  stretchout  of 
ihw  upper  half  of  sectiim  B  iu  Fig.  10,  as  shown  by  similar  letters 
and  (ignri'B  ia  Fig.  11.  From  these  points  at  right  angles  to 
O'  I**  draw  lines  equal  in  Icjigth  tn  the  aide  view  iu  Fig.  10.  Draw 
9  Froia  V  to  T  in  Fig.  II.  Now,  iiieasurtng  from  the  line  US 
p  view  iti  Fig.  Ill,  lake  ihe  various  distances  to  |)ointB  of  in- 
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t«>rsectioi)s  4",  3".  1"  ami  2",  and  place  them  in  Fife;.  11  on  lines 
havinfj  similar  nnmbers,  measaring  from  the  line  O'  P'.  thus  re- 
snlling  in  the  intereectioiiB  I  .  2\  H"  and  4.  Connecting  these 
points  by  lim-s  as  ehown.  then  O'UTP'  will  be  the  half  develop- 
uient  of  the  top  of  the  horJKontal  prism.  The  bottom  half  will  he 
sitnilnr  without  the  opening. 

ITflving  described  the  princijiles  relating  to  parallel  forms, 
the  next  aubje«t  will  be  the  print-iples  relating  to  tapering  forms. 
These  forme  include  only  the  solid  figures  that  have  for  a.  base  the 
circle,  or  any  of  the  regular  polygons,  also  figures  of  unecinal  aidea 
which  can  be  inscrilied  in  a  circle,  the  lines  drawn  from  the  cor- 
ners of  which  terminate  in  an  apex,  directly  over  the  center  of  the 
base.  The  forms  with  which  the  tinsmith  has  to  deal  are  more 
fr¥<qaently  frustums  of  these  figures,  and  the  method  used  in 
developing  these  surfaces  is  simply  lo  develop  the  surface  of  the 
•entire  com*  or  pjTamid,  and  then  by  simple  measurements  cut  off 
part  of  the  figure,  leaving  the  desired  frustum.  Thus  in  the  well- 
known  forms  of  the  dipper,  coffee  pot,  colander,  strainer,  wash 
bowl,  bucket,  funnel,  measure,  pan,  etc.,  we  have  the  frustums  of 
eones  above  referred  to.  In  speaking  here  of  metal  plate  articles 
ns  jMrtious  of  cones,  it  must  be  remetnliered  that  all  patterns  are 
(if  surfaces,  and  as  we  are  dealing  with  tinplate,  these  palterna 
when  formed  are  not  solids,  but  merely  shells.  In  works  upon 
Solid  Geometry  the  right  cone  is  defined  as  a  solid  with  a  circular 
base,  generated  by  the  revolution  of  »  right-angle  triangle  about 
its  vertical  aide  called  the  axis. 

This  is  more  clearly  shown  in  Fig.  12,  in  which  is  shown  a 
right  cone,  which  contains  the  principles  applicable  to  all  frustums 
of  pyramids  and  cones.  AIU"  represents  the  elevation  of  the  cone; 
the  horizontal  section  on  the  line  Bt'  being  shown  by  GDEF, 
which  is  BpHced  into  a  number  of  ec|uai  parts,  as  shown  by  the 
itmall  tigurea  1  to  12.  Ae  the  center  or  a[)ex  of  the  cone  is  directly 
over  the  center  n  of  Uit'  circle,  then  the  length  of  each  of  the  lines 
dmwD  from  the  amall  ligun's  1  to  12  to  the  center  a  will  lie  eiinal 
both  in  plan  and  elevation.  ThcmforL'  to  obtain  the  envelofw  or 
<lev«lopment,  use  AB  or  AV  as  radius,  and  with  A  in  Fig.  18  as 
',  describe  the  arc  1     1'.    From  1  draw  a  line  to  A  and  start- 
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her  of  spaces  contained  in  the  circle  DEFG  in  Fig.  12,  as  shown 
by  similar  figures  in  Fig.  18.  From  1'  draw  a  line  to  A.  Then 
A- 1-7-1'  will  be  the  development  of  the  right  cone  of  Fig.  12. 

Suppose  that  a  frustum  of  the  cone  is  desired  as  shown  by 
HICB,  Fig.  12;  then  the  opening  at  the  top  will  be  equal  to  the 
small  circle  in  plan,  and  the  radius  for  the  pattern  will  be  equal  to 
AL  Now  using  A  in  Fig.  13  as  a  center  with  AI  as  radius,  describe 
the  arc  HI,  intersecting  the  lines  lA  and  Al'  at  II  and  I  respective- 
ly. Then  II -I- 1' -7-1  will  be  the  development  for  the  frustum 
of  the  cone. 

When  a  right  cone  is  cut  by  a  plane  passed  other  than  parallel 
to  its  base,  the  method  of  development  is  somewhat  different.  This 


Fig.  13. 

is  explained  in  connection  with  Fig.  14,  in  which  A  is  the  riijjht 
cone,  intersected  by  the  plane  represented  by  the  lineDE.  II  repre- 
sents the  plan  of  the  base  of  the  cone,  whose  circumference  is  dividtnJ 
into  e(jual  spaces.  As  the  intersection  of  both  halves  of  the  cone 
are  symnietrical,  it  will  be  necessary  to  divide  only  half  of  plan  B 
as  shown  by  the  small  figures  1  to  7.  From  these  points,  erect 
lines  parallel  to  the  axis  of  the  cone,  intersecting  the  base  line 
of  the  cone.  From  these  points  draw  lines  to  apex  F,  intersecting 
the  line  I>K  as  shown.  From  the  intersections  thus  obtained  on  the 
line  DE  and  at  right  angles  to  the  axis,  draw  lines  as  shown,  inter- 
sectintr  the  side  of  the  cone  FE.  Now  using  F  as  center  and  FU 
US  a  radius,  describe  the  arc  7  -  7'.     From  7  draw  a  line  to  F,  and 
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Btartiiifj  from  the  point  7  set  off  on  the  arc  7  -  7',  the  stretchout  of 
the  oircle  B  as  ehowii  by  the  small  figures  7-1-7'.  From  these 
points  draw  radial  lines  to  the  center  point  F,  and  intersect  thera 
by  arcs  struck  from  the  center  F,  with  radii  equal  to  similarly  num- 
bered intersections  on  the  side  FII,  and  partly  shown  by  points 
7»_]»_7=.  Trace  a  line  through  the  points  of  intersections  thus 
obtained;  then  7°-7'-7-7'  will  be  the  desired  development. 

These  same  principles  are  applicable  no  matter  at  what  aogle 
the  con©  is  intersected.       For  the 
section    on    the    line  DE,  see  the 
explanation   in   Mechanical  Draw- 
ing Part  III. 

Fig.  15  shows  the  principles 
applicable  to  the  developments  of 
pyramids  having  a  base  of  any 
shape.  In  this  case,  we  have  a 
square  pyramid,  intersected  by  the 
line  UE.  First  draw  the  elevation 
of  the  pyramid  as  shown  by  ABC 
and  in  its  proper  position  the  plan 
view  as  shown  by  1,  2,  3, 4.  Draw 
the  two  diagonal  lines  1-3  and 
~  -  4  intersecting  each  other  at  A'. 
The  length  of  the  line  AC  repre- 
sents the  true  length  on  AV,  but  i  ] 
is  not  the  correct  radius  with  1 1 
which   to  strike  the  development. 

A  true  length  must  be  ob- 
tained on  the  line  A'4  as  follows; 
At  right  angles  to  3-4  from  the 
center  A'  draw  the  line  A'E' and 
using  A'  as  center  and  A'4  as 
radius,  describe  the  are  4E'  intersecting  A'E'  at  E'.  From  E' 
erect  the  perpendicular  line  E'l^  intersecting  the  base  line  BC  ex. 
tended  at  1'.  From  l"  draw  a  straight  line  to  A,  which  will  be 
the  true  length  on  A'4  and  the  radius  with  which  to  strike  the  de- 
velopment. (See  also  Part  III,  Mechanical  Drawing)  Now  with  A 
as  center  and  A-l'  as  radius,  descrilie  the  arc  l'-3»-l'.     Starting 
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from  1^  set  off  the  stretchout  of  1-2-3-4-1  in  plan,  as  shown 
by  1^-2^-3^-4^-1^  on  the  arc  1^-1^  (1^-2^  being  equal  to  1-2, 
etc.),  and  from  these  points  draw  lines  to  the  apex  A  and  con- 
nect points  by  straight  lines  as  shown  from  1^  to  2^,  2^  to  3^  3^ 
to  47  and  4^  to  1^.  Then  Al^  3^  1^  will  be  the  development  of  the 
square  pyramid. 

To  obtain  the  cut,  in  the  development  of  the  intersected  plane 


Fig.  15. 


DE,  which  represents  respectively  the  points  3* -4*  and  V-2\ 
draw  at  right  angles  to  the  center  line,  the  lines  D-D"  and  E-l", 
intersecting  the  true  length  Al^  at  D"  and  1".  Using  A  as  center 
and  radii  equal  to  A-D"  and  A-1"  intersect  similarly  numbered 
radial  lines  in  the  development.     Connect  these  points  as  shown 
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troml"  to2".2"  to3",.r  to4"8mU"  tol".  Then  1" -I'-S'-l'- 
l'-S"  will  be  the  devt'l  opine  lit  of  llie  intersected  sqimre  pyniinid. 

To  draw  DE  in  plan  drop  perpend ienlara  from  D  and  E  iii- 
terwctin^  tlie  diagonal  lines  in  plan  at  />  c  and  '/  a.  Connect  lines 
aa  Bhown  at  <i,  i,  c  and  <?.  To  obtain  the  trne  section  of  the  plane 
ItE.  take  the  lenffth  of  DE  and  place  it,  as  shown  in  plan 
from  h  to  »■;  thron^h  /  draw  the  verLit-al  line  jui  which  is  inter- 
swrled  by  lioriKcinlal  lines  drawn  from  points  ft  and  <l.  Draw  a 
line  from  ft  to  m  and  c  ioj  which  will  be  the  desired  swtion. 

Thfse  proMi-iiie  j'nst  descrilH'd  should  Ix;  thoronghly  studied 
and  practiced  on  [laper,  nntil  tvery  step  is  well  understood. 

Practical  Workshop  Problems  will  now  l)e  considered,  and  the 
Etadent  who  thoroaghly  understands  the  principles  explained  in  the 
foregoing  proMeins,  will  be  able  to  develop  the  patterns  with  greater 
ease  and  in  less  time  than  ia  retpiired  by  the  student,  who  pays 
little  attention  to  the  principles,  but  sim  ply  proctt-ds  to  develop  the 
(MitternB  by  blindly  following  directions.  A  thorough  knowledge 
of  the  principles  renders  the  student  indept'ndent  as  far  aa  pat- 
tern problems  are  concerned,  aa  he  can  apply  them    to   new  work. 

Short  Rules.  There  are  various  short  rules,  which,  while  not 
geometrically  accurate,  are  sufHciently  so  for  all  practical  purfwseB 
and  will  be  iutroduced  as  we  proceed.  In  developing  patterns  for 
any  given  article,  the  problem  should  he  gone  over  carefully,  Iwating 
the  joints  or  stains,  so  that  it  can  be  sueu,  we  might  say  in  onr 
minds'  eye;  by  doing  this  a  shorter  rule  may  be  employed,  thus 
BKving  time  and  exjtense.  The  student  who  jays  attention  to  these 
smaller  details  will  Hueeeed  as  a  [tattern  draftsman. 

Allowance  for  Seaming  and  Wiring.  As  we  are  dealing  with 
tin  plate  only,  we  assume  thin  to  have  no  thickness,  and  therefore 
make  im  allowance  for  the  shrinkage  of  the  metal,  when  bending 
in  the  uiachine  folder  or  lirake. 

The  amount  of  the  material  to  be  added  to  the  pattern  for 
wiring  wil  vary  according  to  the  thickness  of  the  metal.  A  safe 
and  pracUi-al  plan  is  to  use  a  small  striji  of  thin  metal  about  |iuch 
wido  and  curl  this  artuind  the  wire  which  is  to  be  use<l  as  shown 
in  Fig.  I'i.  Tills  will  give  the  true  amount  of  material  rerpiired, 
wlietber  the  wire  is  to  W  laid  in  by  hand  or  by  means  of  the  wiring 
machine.     First  liend  off  with  plyers  u  sharp  eoriier  its  shown  at  <i. 
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place  the  wire  in  the  corner  and  turn  A  snugly  around  the  wire  as 
shown  at  B.  The  amount  of  A,  or  the  allowance  to  be  added  to  the 
height  of  the  pattern  is  thus  obtained.  Tlie  vertical  joint  in  tin- 
ware is  usually  a  lock  seam  as  shown  in  Fig.  17.  Three  times  the 
width  of  the  lock  a  must  be  added  to  the  pattern.  In  other  words, 
the  end  h  has  a  single  edge  as  d^  while  the  other  end  c  has  a  double 
edge  as  shown  at  a  and  e  ;  the  two  ends  of  the  body  joining  aty*. 

In  allowing  these  edges  for  the  pattern,  some  workmen  prefer 
to  add  a  single  edge  on  one  side  of  the  pattern,  and  a  double  edge 
on  the  other,  while  others  prefer  to  allow  one-half  of  the  amount 
required  on  either  side  of  the  pattern.  Where  the  bottom  of  any 
piece  of  tinware  is  to  be  joined  to  the  body,  it  is  generally  double 


w 
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Fig.  16. 


Pig.  17. 


seamed  as  is  shown  in  Fig.  18,  where  the  two  ojx^rations  are  clearly 
shown  by  A  and  I>  whether  the  seaming  is  done  by  hand  or  ma- 
chine, while  the  lock  seam  in  Fig.  17,  is  done  on  the  groover. 

Notching  the  Patterns.  Another  important  point  is  the 
notching  of  the  edges  of  the  patterns  for  seaming  and  wiring; 
special  attention  should  be  given  to  this.  The  notches  should  W' 
made  in  such  a  manner  that  when  the  article  is  rolled  up  and  the 
wire  encased  or  the  seams  grooved,  the  ends  of  the  wire  or  seam 
allowance  will  tit  snugly  together  and  make  a  neat  apj)earance. 
AVhen  an  article  is  made  and  the  notches  have  not  btvn  cut 
proj)erly,  the  wire,  or  uneven  lines,  will  show  at  the  ends  of  the 
seam.  Fig.  \SS  shows  how  the  allowance  for  wire  or  locks  should 
l>e  cut.  A  shows  the  j)attern  to  which  an  allowance  has  been 
made  for  wire  at  \\  and  for  seamincj  to  the  bottom  at  C.  In  this 
case  a  single  tnlge  1)  has  been  alloweil  at  one  end  of  the  pattern 
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Fig.  18. 


and  a  double  edge  of  the  other  as  shown  at  E.  Then,  using  this 
method  of  allowance  for  seaming,  notch  the  allowance  for  wire  13 
and  seam  C  on  a  line  drawn  through  the  solid  lines  in  the  pattern 
as  shown  by  aa  and  hh.  The  notches  of  the  allowance  D  and  E 
should  be  cut  at  a  small  angle,  as  shown. 

Transferring  Patterns.  After  the  pattern  has  been  de- 
veloped on  man  ilia  paper,  which  is  generally  used  in  the  shop,  it 
is  placed  on  the  tin  plate  and 
a  few  weights  laid  on  top  of 
the  paper;  then  with  a  sharp 
scratch  awl  or  prick  punch  and 
hammer,  slight  prick-punch 
marks  are  made,  larger  dots  in- 
dicating a  bend.     The  paper  is    ^ 

then  removed  and  lines  scribed 

on  the  plate,  using  the  scratch 

awl    for  marking    the  straight   lines,    and    a  lead  pencil  for  the 

curved  lines.     After  laps  are  added  as  required,  it  is  ready  to  be 

cut  out  with  the  shears. 

PRACTICAL  PROBLEMS. 

In  presenting  the  twelve  problems  which  follow,  particular 
attention  has  been  given  to  those  problems  which  arise  in  shop 

practice.  These  problems  should 
be  practiced  on  cheap  man  ilia 
|)aj)er,  scaling  them  to  the  most 
convenient  size,  and  then  prov- 
ing them  by  cutting  the  patterns 
from  thin  card  board,  and  bend- 
ing or  forming  up  the  models. 
This  will  prove  both  instructive 
and  interesting. 
The  first  piece  of  tinware  for  which  the  pattern  will 
be  developed  iff  that  known  as  the  flaring  bucket,  or  pail,  shown 
in  Fig.  20.-  First  draw  the  center  line  AB,  Fig.  21,  upon  which 
place  the  height  of  the  pail,  as  shown  by  CD.  On  either  side  of 
the  center  line  place  the  half  diameters  CE  of  the  top  and  DF  of 
the  bottom.  Then  EFFE  will  be  the  elevation  of  the  pail.  Ex- 
tend the  lines  EF  until  they  meet  the  center  line  at  B,  which  will 


Fig.  19. 
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be  the  center  point  with  which  to  describe  the  pattern.  Now, 
with  C  as  center  and  CE  ae  radius,  describe  the  semi-circIe  EAE, 
and  divide  it  into  equal  spaces,  as  shown. 
This  semi-circle  will  represent  the  half  sec- 
tion of  the  top  of  the  pail. 


Fig.  21. 

For  the  jMittcrn  prc.'eed  as  follows:  With  B  as  centtr  and 
radii  equal  to  liV  mid  JJK,  descrilw  the  iircs  Gil  and  IJ.  Draw  a 
line  from  (J  to  B.  Start  iiii^  from  tbejioiiit  (i  lay  off  on  the  arc  (i  li- 
the stretcliout  of  the  seini-eircle  KAK,  us  shown  by  similar  Jigures 
on  Gil.  Fnmi  II  draw  a  line  to  H,  intersecting  the  arc  IJ  at  J. 
Then  GIIJI  will  Ix*  tlie  half  (witfern  for  the  pail,  to  which  lajw  must 
be  added  for  seaming  and  wiring  as  shown  by  the  dotted  lines. 
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Funnel  and  Spout.  In  Fig.  32  is  shown  a  fnnnel  and  spout, 
which  is  nothing  more  than  two  frastums  of  cones  joined  t(^ther. 

Fig.  23  shows  how  the  patterns  are  developed.  In  this  figure 
the  full  elevation  is  drawn,  but  in  practice  it  is  necessary  to  draw 
only  one-half  of  the  elevation,  as  shown  on  either  side  of  the  center 


Fig.  32.  Pig.  23. 

line  lU',  Extend  the  contour  lines  until  tlioy  iutersect  the  center 
line  at  G  and  A.  Now,  iisiii<r  A'  as  a  center,  with  radii  equal  to 
AF  and  AE,  deserilw  the  arcs  F'F'  and  E'E'  resjMX'tively.  On 
the  arc  E'E'  lay  off  twice  Itie  nuiul>er  o!  8[)aces  contained  in  the 
eenii-circle  B,  then  draw  radial  lines  from  E'  and  £'  to  A',  inter- 
eecting  the  inner  arc  at  F'P,  which  completes  the  outline  for  iJie 
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and  VV  describe  the  ares  F'P  and  G'G^  On  F'V  lay  off  twi<<- 
the  amount  of  spaces  contained  in  the  cenii-circle  I>,  and  drtiii 
radial  lines  from  F'  and  P  to  C  Then  F'F'^'G'  will  be  the  [miI- 
tern  for  the  spout.     The  dotted  lines  show  the  edges  allowed. 

Hand  Scoop.  In  Fig.  Hi  is  shown  a  perspei'tive  view  of  a 
hand  scfHjp,  iu  the  development  of  which  the  [larallel  and  radial 
line  developments  are  employed.  Tliua  A. and  B  represent  inter 
a«cted  cylinders,  while  C  represents  an  intersected  right  cone. 
The  method  of  obtaining  the  patterns  for  the  hand  scoop  is  clearly 
shown  in  Fig.  25;  these  principles  areapplicable  to  any  form  of 
band  scoop. 

First  draw  the 
side  view  of  the  scoop 
assbowu,  inline  with 
which  place  the  half 
section;  divide  this 
into  a  number  of 
equal  spaces  as  shown 
by  the  figures  1  to  7.  '  '^'  "  ' 

From  these  points  draw  horizontal  lines  intersecting  the  curve 
of  the  scoop.  In  line  with  the  back  of  the  acoop  draw  the  vertical 
"line  1  -1',  upon  which  place  the  stretchout  of  twice  the  number 
of  spaces  contained  in  the  half  section,  as  shown  by  similar 
numliers  on  the  stretchout  line.  From  these  points  on  the 
stretchout  line  draw  horizontal  lines,  which  intersect  lines  drawn 
from  similarly  numbered  points  on  the  curve  of  the  scoop  parallel 
to  the  stretchout  line.  Trace  a  line  through  points  thus  obtained, 
which  will  give  the  outline  for  the  jmttern  for  the  scoop,  to  which 
edges  must  be  alloweti  as  shown  by  the  dotted  line.  The  jNitteni 
for  the  back  of  the  scoop  is  simply  a  flat  disc  of  the  required 
diameter,  to  which  edges  for  seaming  are  allowed. 

When  drawing  the  handle,  first  loeate  the  point  at  which  tlie 
ceuter  line  of  the  handle  is  to  intersect  the  back  of  the  scoop,  us 
at  2".  Through  this  jKtint,  at  its  pro[(tT  or  reijuired  angle,  draw 
the  center  line  2  2*.  Establiah  the  length  of  the  handle,  and 
with    any   point  on   the  cenler  tine  as  center,    draw  the  section 
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pattern.  Laps  must  be  allowed  for  wiring  and  seaming.  For  tbe 
pattern  for  the  sjtout  uce  C  aa  a  center,  and  with  radii  equal  to  ('(■ 
and  CF  dtrscribe  the  arcs  F'P  and  G'G^  On  F'F'  lay  off  twiw 
the  amount  of  spaces  contained  in  the  semi-circle  D,  and  draw 
radial  lines  from  F'  and  P  to  C.  Then  F'l-'^'G'  will  be  the  pat- 
tern for  the  spout.     The  dotted  lines  show  the  edges  allowed. 

Hand  Scoop.  In  Fig.  24  is  shown  a  perspective  view  of  a 
hand  scoop,  in  the  development  of  which  the  parallel  and  radial 
line  developments  are  employed.  Thus  A. and  B  represent  iater- 
seeted  cylinders,  while  C  represents  an  intersected  right  cone. 
The  method  of  obtaining  the  patterns  for  the  hand  scoop  is  clearly 
ghown  in  Fig.  25;  these  principles  areapplicable  to  any  form  of 
band  scoop. 

First  draw  the 
side  view  of  the  scoop 
as  shown,  inline  with 
which  place  the  half 
section;  divide  this  , 
into  a  number  of  f 
equal  spaces  as  shown 
by  the  figures  1  to  7.  ^''«■^■ 

P'rom  tbese  jioirits  draw  horizontal  lines  intersecting  the  curve 
of  tbe  scoop.  In  line  witb  the  back  of  tbe  scoop  draw  the  vertii-al 
iiiie  l-l',  upon  which  jilace  the  stretchout  of  twice  the  number 
of  H|mces  contained  in  the  lialf  section,  as  shown  by  similar 
nuinl>erB  on  the  stretchout  line.  From  these  points  on  tlic 
stivtchont  line  draw  horizontal  lines,  which  intersect  lines  drawn 
from  similarly  numbered  points  on  the  curve  of  the  scoop  [larallcl 
to  tbe  stretchout  line.  Trace  a  line  through  points  thus  obtained. 
which  will  give  the  outline  for  the  pattern  for  the  scoop,  to  wbicb 
edges  must  bt^  allowed  as  shown  by  the  dotted  line.  The  pattern 
for  tbe  back  of  tbe  scoop  is  simply  a  Hat  disc  of  the  required 
diameter,  to  wliicli  e<lges  for  seaming  are  allowed. 

When  drawing  the  handle,  first  locate  the  point  at  which  tbe 
center  line  of  tbe  ban<lle  is  to  intersect  the  back  of  the  scoop,  as 
at  2  .  Through  this  point,  at  its  ])ri)[R'r  or  re«juired  angle,  draw 
the  center  line  2  2".  Establish  the  length  of  the  handle,  and 
with    any   point  on   tbe  center  line  as  center,   draw  the  section 
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as  shown  by  1*,  2*  3*,  and  2*,  and  divide  the  circumference  into 
equal  spaces,  in  this  case  four.     (In  practical  work  it  would  be 

better  to  use  more  than  four).  Parallel  to  the  center  line  and  from 
these  four  divisions  draw  lines  as  shown  intersecting  the  back  of  the 
scoop  at  1°,  2°  and  3°.  For  the  pattern  draw  any  horizontal  line  in 
S,  as  1"3"1",  upon  which  place  the  stretchout  of  the  section  of  the 
handle  as  shown  by  1"  2"  3"  2"  1"  on  the  stretchout  line.  From 
these  points  at  right  angles  to  the  line  of  the  stretchout,  draw 
lines  aa  shown.  Take  the  various  distances  measuring  from  the 
line  no  in  side  view  to  points  1°,  2^  and  3^,  and  place  them  on 
lines  drawn  from  similar  numbers  in  S,  measuring  from  the  line 
1"3"1".  A  line  traced  through  these  points  of  intersection  will  be 
the  pattern  for  the  handle,  laps  being  indicated  by  dotted  lines. 
To  close  the  top  of  the  handle  no^  a  small  raised  jnetal  button  is 
usually  employed,  which  is  double-seamed  to  the  handle. 

To  draw  the  conical  boss  in 
side  view,  first  locate  the  points  / 
and  e^  through  which  draw  a  line 
intersecting  the  center  line  of  the 
handle  at  f.  At  right  angles  to 
Fig.  26.  the    center    line,   draw    the    line 

i)  representing  the  top  oj)ening  of  the  boss.  In  similar  manner,  at 
right  angles  to  the  center  line,  draw  a  line  from  e  as  shown  by  ('^ 
intersecting  the  center  line  at  </,  Now  make  ga  equal  to  fjv  and 
draw  a  line  from  <f  to  the  center/',  which  will  intersect  the  back  of 
the  scoop  as  shown  and  the  top  of  the  boss  at  J.  With  tj  as  center 
and  </((  as  radius  describe  the  half  section  of  the  cone,  divide  this 
into  ecjual  spacers  as  shown  by  ahah,,  from  which  draw  lines  at 
riirht  antrjes  to  and  intersecting  the  base  of  the  cone  ae  as  shown. 
From  the  intersections  on  the  base  line  draw  radial  lines  to  the 
a])ex /*,  intersecting  the  back  of  the  scoop  as  shown.  From  these 
intersections  at  right  angles  to  the  center  line,  draw  lines  inter- 
secting the  side  of  the  boss  at  <r'h'r(V,  For  the  pattern  proceed  as 
shown  in  diagram  v\  With  radius  equal  to  fe  in  the  side  view 
and /*  in  v\  as  a  center  describe  the  arc  (f'n".  Draw  a  line  from 
if"  to  tlu^  center  /\  and  startintr  from  (f"  set  off  on  the  arc  r/V 
twice  the  number  of  s])aces  contained  in  the  semi  circle  ace  in  side 
vit^w,  as  sliown  by  similar  letters  in  diagram  w.     From  these  points 
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draw  radial  lines  to  the  center  f.  Now  using  y*  in  i^  as  a  center 
describe  the  arc  /'/'.  In  similar  manner,  using  as  \:^\\fa\fh\fc\ 
fd'  and  J^e  in  side  view,  and  J^  in  w  as  center,  describe  arcs  inter- 
secting radial  lines  having  similar  letters  as  shown.  A  line  traced 
through  points  thus  obtained  forms  the  pattern  for  the  conical  boss. 


Fig.  27. 
Drip  Pan.  Fig.  26  shows  a  view  of  a  drip  pan  with  beveled 
sides.  The  special  feature  of  this  pan  is  that  the  corners  a  and  h 
are  folded  to  give  the  required  bevel  and  at  the  same  time  have  the 
folded  metal  come  directly  under  the  wired  edge  of  the  pan.  A 
pan  folded  in  this  way  gives  a  water  tight  joint  without  any  sol- 
dering. Fig.  27  shows  the  method  of  obtaining  the  pattern  when 
the  four  sides  of  the  pan  have  the  same  l>evel.  First  draw  the  side 
elevation  having  a  bevel  indicated  at  a2\.  Now  draw  ABC'D,  a 
rectangle  representing  the  bottom  of  the  pan.  Take  the  distance 
of  the  slant  1-2  in  elevation  and  add  it  to  each  side  of  the  rect- 
angular bottom  as  shown  by  1',  1",  1'"  and  1"".  Tlirough  these 
points  draw  lines  parallel  to  the  sides  of  the  bottom  as  shown. 
Now  extend  the  lines  of  the  bottom  AB,  BC,  C'D  and  DA  inter- 
secting the  lines  just  drawn.     Take  the  projection  of  the  bevel 
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<^  to  1  in  side  elevation  and  place  it  on  each  corner  of  the  pan,  as, 
for  example,  from  a'  to  1'.  Draw  a  line  from  1'  to  B.  By  pro- 
ceeding in  this  manner  for  all  the  corners,  we  will  have  the  butt 
miters,  if  the  corners  were  to  be  soldered  raw  edge.  Where  the 
bevels  are  equal  on  all  four  sides,  the  angle  1*B1'  is  bisected  as 


Fig.  28. 

follows:  AVitli  B  as  center  and  any  radius  draw  the  arc  ff  inter- 
sectiiiir  the  sides  of  the  bottom  as  shown.  Then  with  a  radius 
greater  than  one  half  <y^  ff.  with  /'and^/^  respectively  as  centers, 
draw  arcs  which  intersect  each  other  at  ?'.  Draw  a  line  throuirh 
the  intersection  /  and  corner  B,  extending  it  outward  toward  /. 

Now  with  1'  as  center,  and  radius  less  than  one-half  of  I'-l^, 
draw  arc  (l-<\  intersectincp  the  line  1'  B  at  h.  and  intersecting  the 
line  Vn'  at  r.  Then  with  1>  as  center  and  i/' as  radius,  intersect  the 
arc  nl  at  < .  Draw  a  line  from  1'  to  (\  intersectincr  the  line  ?7  at  n. 
From  //  draw  a  line  to  1*.  Transfer  this  cut  to  each  of  the  corners, 
which  will  complete  the  pattern  desired.  Dotted  lines  indicate  the 
wire  allowance. 

Sometimes  a  drip  j)an  is  recjuired  whose  ends  have  a  different 
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fiare  from  tlitme  of  the  sidt^s,  and  in  ona  csee  the  fuldinl  ciirnt^rs  art' 
lo  be  bt'iit  toward  the  eud,  while  it  may  be  reqiiinni  thut  tha  t-or- 
uurs  In*  fuldtnl  towards  the  ^ide.  The  priiic-I|tk-s  are  Biiuilar  in  hnth 
ca&e»,  but  &s  tlie  method  of  applying  these  firinciplue  iimy  bt<  h, 
liltlo  diHicuIt,  Fig.  '2H  has  het>n  prtfpared,  which  will  explain  th« 
application  of  these  principlcfl. 

First  draw  the  side  elevation,  showing  the  desired  Hare;  also 
draw  the  eud  elevation,  which  shows  the  flare  of  the  sides.  In-injf 
careful  that  the  vertical  heifjhtH  in  both  views  are  the  same.  Now 
draw  the  putterii  of  the  pan  as  follows:  Take  the  distance  1  2  in 
Bide  elevation  and  place  it  on  the  enda  of  the  bottom  aa  shown  on 
either  side  by  1'-  2'.  Himilarly  take  the  distant'e  3-4  in  end  eleva- 
tion and  place  it  on  the  sides  of  the  Imttom  as  shown  on  either  side 
by  3'-4:',  Throuf^h  the  point  2'  and  4'  draw  line*  parallel  to  the 
ends  and  sides  of  the  bottom  as  shown,  which  intersect  lines  dropped 
from  the  end  and  side  views  respectively,  /{f/i'  represent  the  butt 
miters  which  should  be  placed  on  all  corners.  If  these  miters  have 
been  correctly  develo|««l,  the  lengths  from  A  to/ must  be  efjnal  to 
fh'.  Bisect  the  angle  fi//i'  by  using  /'  as  center  and  drawing  the 
arc  ai,  then  nse  "  and  i  as  centers  and  obtain  the  intersection  r. 
through  which  draw  the  line  •;/'.  Now  assnnie  that  the  folded  cor- 
ner 18  to  be  turned  towards  the  end  view  as  shown  by  ^3.  Using 
A  aa  a  center  draw  the  arc  //."  Tlien  with  I  as  center  and  //  as 
radium,  intersect  the  arc  //  ^t  )«.  Draw  a  line  from  /»  through  m, 
meeting  the  line  '/at  /,  and  draw  a  line  fi-om  t  to  A". 

If  the  folded  comer  were  turned  towards  the  aide  as  shown  by 
/-S"  iu  the  side  view,  bisect  the  angle  vl's  as  before,  and  use  *  aa  a 
center  and  priK'eed  as  already  explained.  Kote  the  ditTerenco  in 
the  two  corners,  Tlie  only  point  to  bear  in  mind  is,  that  when  the 
corner  is  to  he  foldtnl  towanis  the  end.  transfer  the  angle  of  the 
end  miter;  while  if  the  corner  ia  to  be  turned  towards  the  side, 
transfer  the  angle  of  the  side  miter.  If  the  corners  were  to  In- 
folded toward  the  ends  of  the  pan,  the  cut  shown  in  the  right-hand 
corner  would  l>e  nsed  on  all  four  corners,  while  if  the  corners  were 
til  lie  folded  towards  the  sides,  the  cut  shovru  on  the  left-hand  cor 
inT  would  be  used. 

Tea  Pot.     In  Fig,  29  is  shown  the  well-known  form  of  the 
r  coffee  pot,  for  which  a  short  method  of  developing  the  pal 
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tern  is  shown  in  Fig.  30.  This  is  one  of  the  niany  cases  where  a 
short  rule  can  be  need  to  advantage  over  the  geometrical  method. 
While  it  is  often  advisable  to  use  the  true  geometrical  rule,  the 
difference  between  that  and  the  method  here  shown  is  hardly 
noticeable  in  practice.  Of  course,  if  the  body  A  and  spout  B  were 
larger  than  the  ordinary  tea  pots  in  use,  it  would  be  necessary  to 
use  the  true  geometrical  rule,  which  is  thoroughly  explained  for 
Pktes  I,  II  and  III. 

The  pattern  for  the  body  of  the 
tea  pot  will  not  be  shown,  only  the  short 
rule  for  obtaining  the  opening  in  the 
body  to  admit  the  joining  of  the  spout. 
The  method  of  obtaining  the  pattern  for 
the  body  is  similar  to  the  daring  vessels 
shown  in  previous  problems. 

First  draw  the  elevation  of  the  body 
of  the  tea  pot  as  shown  at  A.  Assume 
the  point  a  on  the  body  and  draw  the 
center  line  of  the  spout  at  its  proper 
angle  as  shown  by  2^,  Establish  the  point  3  of  the  bottom  of 
the  spout  against  the  body,  also  the  point  3*  at  the  top  and  draw 
a  line  from  3  through  3*  intersecting  the  center  line  at  A.  At 
right  angles  to  the  c-cnter  line  and  from  3  draw  the  line  3—1 
and  make'l  eipial  to  (-3.  From  1  draw  a  line  to  the  center  ptint 
and  from  B*  draw  a  horizontal  line  until  it  intersects  the  opiMit^ite 
side  of  the  spout  at  !'■.  Then  l'-l"-3»-3  will  be  the  side  view  »if 
the  sjvout.  Now  with  c  as  a  c(;iiter  draw  the  half  section  l-iJ-;{ 
and  divide  it  into  e([ual  spaces;  in  this  case  buttwo  {in  practical 
work  niorespacesshouldlx)  empli)yed).  From  these  points  nnd  at 
right  angles  to  1-  3  draw  lines  intersecting  the  base  of  tin- 
spout  as  shown,  and  draw  lines  from  these  points  to  tin- 
center  h.  Thus  line  lA  intersects  the  body  at  1'  and  the  top  of  thi- 
spout  at  1";  line  2/'  intersects  the  body  at '/  and  tlie  top  of  the  S|)out 
as  shown,  while  line  Ah  cuts  at  3  and  the  top  of  s|)out  at  3". 
From  these  intersections  at  right  angles  to  the  center  line -/A,  draw 
lines  intersecting  the  side  of  the  spout  at  3,  2"',  1"  at  the  bottom 
and  1",  2',  3'  at  the  top.  Now  with  h  as  ctmter  and  A3  as  radius, 
describe  the  arc  3" -3"  upon  which  place  tho  stretchout  of  twice 
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the  number  of  spaces  contained  in  the  half  section  1-2-3,  as 
shown  by  similar  figures  on  3" -3";  from  these  points  draw  radial 
lines  to  the  center  i,  and  intersect  them  by  arcs  drawn  with  6  as  a 
center  and  radii  equal  to  the  intersections  contained  on  the  side  of 
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the  spout  3-3*.     To  form  the  pattern,  trace  a  line  through  points 
thus  obtained  and  make  the  necessary  allowance  for  edges. 

It  should  be  understood  that  in  thus  developing  the  spout,  the 
fact  that  the  spout  intersects  a  round  surface  has  not  been  considered; 
it  was  assumed  to  intersect  a  plane  surface.  As  already  stated  the 
difference  in  the  pattern  is  so  slight  that  it  will  not  be  noticeable 
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in  practice.  Had  we  developed  the  pattern  according  to  the  true 
geometrical  rule,  it  would  present  a  problem  of  two  cones  of 
unequal  diameter  intersecting  each  other,  at  other  than  at  right 
angles  to  the  axes. 

For  the  pattern  for  the  opening  in  the  body,  draw  lines  at 
right  angles  to  the  center  line  of  the  body  from  intersections  1\  n 
and  3  intersecting  the  opposite  side  of  the  body  as  shown.  With 
F  as  a  center  draw  a  partial  pattern  of  the  body  as  shown  by  //<'. 
From  any  point/* draw  a  line  to  the  center  F.  Now  with  F  as 
center  draw  the  arcs  1,  2*^  and  3.  The  distance  1  to  3  on  the  line 
F/*  represents  the  length  of  the  opening,  while  a  line  drawn  through 

a  at  right  angles  to  the  center  line  hr 

s^===  =  y^^  of  the  sj)out  represents  the  width  of 

'  ly      Zl'  '^j  "V  ^®  opening.     Therefore  take  the  dis- 

I  I  r      ^^^pn^^y"         tance  from  a  to  2°  and  place  it  as 

j^Z'Z-'zSm^J^  shown   from   a'   on    the   line  JY  to 

^^u4^  2° -2°    on    either   side   on    the  arc. 

Sf4l  Trace  an  ellipse  through  1  -  2°  -  3  -  ^ 

Pig.  31.  for  the  shape  of  the  opening. 

The  pattern  for  the  handle  is  ob- 
tained  by  taking  the  stretchout  of  hji  and  placing  it  as  shown  on 
the  V(*rtical  line  ///'.  At  right  angles  to  h'i'  on  either  side,  at  top 
and  bottom  add  the  desired  width  of  the  handle  and  draw  the  lines 
shown;  add  edges  for  wiring  or  hem  edge. 

For  the  ])attern  for  the  grasp  I)  which  is  placed  inside  on  the 
handle  proceed  as  is  shown  in  Fig.  31.  Let  D  represent  an  en- 
larged view  of  })art  of  the  handle  in  which  the  grasp  is  to  be  soldereil. 
Dir€*ctly  in  line  with  it  draw  the  Section  E  taking  care  that  the 
width  from  1  to  1  will  not  be  wider  than  that  portion  of  the  handle 
from  /•  to  .V  in  Fig.  30,  being  the  width  at  C  in  the  elevation.  Divide 
the  section  E  in  Fig.  31  into  a  number  of  equal  spaces,  from  which 
draw  vertical  lines  intersecting  the  curve  D  as  shown.  Draw  the 
center  line  ah  upon  which  lay  off  the  stretchout  of  E  as  shown  by 
similar  figures.  Through  these  points  draw  lines  which  intersect 
with  lines  drawn  from  similar  intersections  in  the  curve  D  parallel 
to  (fh.    Trace  a  line  through  the  |K)ints  thus  obtain^  as  shown  at  F. 

Foot  Bath.    In  Fig.  32  is  shown  an  oval  foot  bath;  the  princi- 
ples used  in  obtaining  the  pattern  of  which  are  applicable  to  any 
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form  of  flaring  vessels  of  which  the  section  is  elliptical  or  stmck  from 

more  than  two  centers.  In  this  connection  it  may  be  well  to  ex- 
plain how  to  construct  an  ellipse,  so  that  a  set  of  centers  can  be 
obtained  with  which  to  strike  the  arcs  desired.  Ficp.  33  shows  the 
method  of  drawing  an  approximate  ellipse,  if  the  dimensions  are 
given.  Let  AB  represent  the  length  of  the  foot  bath  and  CD  its 
On  BA  measure  BE  equal  to  CD,  Now  divide  the  dis- 
tance EA  into  three  equal  parts  as 
shown  by  1  and  2.  Take  two  of 
these  parts  as  a  radius,  or  E2,  and 
with  ()  as  center,  describe  arcs  in- 
tersectintj  the  line  BA  at  X  and 

X^   Then  with  XX^  as   a   radius 
Fig.  32. 


n 

width. 


and  using  X  and  X^  as  centers 
describe  arcs  intersecting  each  other  at  C  and  D.  Draw  lines  from 
C  to  X  and  X*  and  extend  them  toward  F  and  G  respectively. 
Similarly  from  D  draw  lines  through  X  and  X\  extending  them 
towards  I  and  II  respectively.  Now  with  X  and  X*  as  centers,  and 
XA  and  X*B  as  radii  describe  arcs  intersecting  the  lines  ID,  FC,* 
GO  and  IID  at  J,  K,  L  and   M,  respectively.     Jn  similar  manner 
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with  D  and  C  as  centers  and  DC  and  CD  as  radii  describe  arcs 
which  must  meet  the  arcs  already  drawn  at  J,  M,  L  and  K,  respect- 
ively, forming  an  approximate  elH])se.  In  Fig.  34  h*t  ABCD  repre- 
isent  the  side  elevation  of  the  pan,  whose  vertical  height  is  ecjual 

to  RC. 

In  precisely  the  same  manner  as  described  in   Fig.  33  draw 
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the  plan  as  shown,  in  correct  relation  to  the  elevation,  letting  EFGH 
be  the  plan  of  the  top  of  the  pan,  and  JKLI  the  plan  of  the  bottom, 
struck  from  the  centers,  0,M,P  and  N.  The  next  step  is  to  obtain 
the  radii  with  which  to  strike  the  pattern.  Draw  a  horizontal  line 
EE  in  Fig.  35  equal  in  length  to  NE  in  plan  in  Fig  34.  Take  the 
vertical  height  RC  in  elevation,  and  place  it  as  shown  by  EC  in 
Fig.  35  on  a  line  drawn  at  right  angles  to  EE.  Parallel  to  RE 
and  from  the  point  C,  draw  the  line  CJ  equal  to  NJ  in  Fig.  34. 


Now  draw  a  line  from  Eto  J  in  V\^.  35,  extendincrit  until  it  meets 
the  line  EC  produced.  Then  OJ  and  OE  will  be  the  radii  with 
which  to  make  the  ])atterii  for  that  part  of  the  pan  or  foot  bath 
shown  in  plan  in  Fio;.  8-4  by  EFKJ  and  (tHIL. 

To  obtain  the  radii  with  which  to  strike  the  smaller  curves  in 
plan,  place  distances  PF  and  PIv  on  the  lines  EE  and  CJ  in  Fig. 
35  as  shown  l)y  EF  and  ( -K.  Draw  a  line  from  F  through  K  un- 
til it  meets  the  line  liO  at  P.  Then  PK  and  PF  will  be  the  radii 
with  which  to  strike  the  pattern,  for  that  part  shown  in  j>lan  in 
Fig.  34  by  KFGL  and  IlIEJ.  Xow  divide  the  curve  from  G  to  II 
and  II  to  E  (Fig.  34)  into  a  number  of  ecpial  spaces.  To  describe 
the  pattern  draw  any  vertical  line  E'O*  (^'^f?-  *^^)  ^'^^  with  O*  as 
center  and  radii  ecjual  to  OJ  and  OE  in  the  diagram  Y,  descrilx* 
the  arcs  J'K'  and  E'F'  as  shown.  On  the  arc  E*F*  lay  off  the  stretch- 
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out  of  6H  in  plan  in  Fig.  34  as  sliown  by  similar  figures  io  Fig. 
35.  From  the  point  6  on  the  are  E'F'  draw  a  line  to  O'  intersect- 
iiig  the  curve  J'K'.  Now  with  PF  in  diagram  Y  as  radius  and  P 
as  a  center  describe  an  arc  intersecting  the  line  F'O'  at  P'.  TUeti 
oaing  P'  as  a  center  and  with  radii  equal  to  P'K'  and  P'^  describe 
the  area  K'L'  and  F'G'  as 
shown.  On  the  arc  F'(J' 
starting  from  point  6  lay 
otf  the  stretchout  of  HE, 
Fig.  34.  From  11  draw  a 
line  to  P'  intersecting  the 
arc  K'L'  at  L'.  Then 
E'F'G'L'K'J'   wUl  be  the 


Fig.  36. 
half  pattern,  the  allowance 
for    wiring    and   seaming 
being  shown  by  the  dotted 
lines. 

Should  the  article  be 
desired  in  four  sections, 
two  pieces  of  PK'L'G' 
would  be  required.  The 
pattern  for  the  bottom  of 
the  pan  is  shown  by  the  inner  ellipse  in  Fig.  34  to  which  of  course 
edges  must  be  allowed  for  double  seaming. 

Wash  Boiler.  In  Fig.  3G  is  shown  a  perspective  view  of  a 
wash  boiler  to  which  little  attention  need  be  given,  except  to  the 
isised  cover.  First  draw  the  plan  of  the  cover  B,  Fig.  37,  which 
showB  straight  sidea  with  semi-circularends.  In  Hue  with  the  plan 
draw  the  elevation  A,  giving  the  required  rise  as  at  C.  Let  C  rep- 
reaent  the  apex  in  elevation,  and  C  the  apex  in  plan.     As  both 
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halves  ot  the  cover  are  By"'ii"'ti'iL'al.  the  pattt^rn  will  he  dovelopfii 
for  one  half  only.  Dividt-  thu  m'liii-cii-el*'  1  -i-l  into  a  imnibtr 
of  equal  spaces  as  shown  by  the  small  tigiires  1,  2,  ii,  2  and  1. 
Prom  these  points  draw  radial  linwa  to  the  apex  (",  and  through 
G~  draw  the  perpend ifular  i(f.  C3"  in  elevation  represents  thf> 
irue  length  of  T'S  in  plan,  and  to  obtain  the  true  length  of 
C'2,  CI  and  C'a,  it  will  be  net-essary  to  construct  a  diagram  of 
triangles  as  follows:  With  C  as  center,  and  C",  C'l  and  C'3 
as  radii.  de8cril>e  arcs  intersecting  the  center  line  in  plan  at  a',  1' 
and  2'.  From  these  points  at  right  angle  to  3C'  erect  lines  inter- 
nectmg  the  base  line  of  the  elevation  at  n",  1",  2" 
md  ii  ,  From  which  draw  lines  to  the  apex  C,  as 
I  shown  Now,  with  radii  equal  to  C3",  C'2",  CI" 
md  ("  ,  and  C"  as  center  describe  arcs  3»,2»2'. 
1*1*  and  (/V/»,  From  C  ei-ect  the  perpendicu- 
intersecting  the  arc  3*  at  3*.  Now  set  the 
dividers  t-qual  to  the  spaces  3  to  2  to  1  to  «  in 
plan,  and  starting  from  3"  step  off  to  similar 
numbered  arcs,  thus  obtaining  the  intersections 
["  di-aw  lines  to  C",  and  trace  a  line  a'd'a'  to  get 
the  half  pattarn  for  the  cover.     Allow  eiiges  for  seaming. 

The  body  of  the  boiler  i-equires  nu  pattern,  as  that  is  eimplj 
the  required  height,  by  the  stretchout  of  the  outline  shown  in  plan. 
The  liandleB  shown  on  the  body  and  cover  in  Fig.  30  are  plain 
strips  of  metal  to  which  wired  or  hem  edges  have  been  allowed. 

Measure.  Fig.  3^  shows  a  flaring- lipped  measure  with  han- 
dle attached.  Care  should  l}e  taken  in  laying  out  the  patterns  for 
these  measures,  that  when  the  measure  is  made  up  it  will  hold  a 
given  quantity.  While  there  are  various  proportions  used  in 
making  up  the  size  ot  the  measure,  the  following  table  gives  good 
proportions ; 


Quantity. 

Bottom  Diameter 
in  inches. 

Top  Diameter 
in  inches. 

Height. 

IGiU. 

1  Quart. 
HUalion. 
1  GaUon. 

2.06 
2.60 
3.27 
4.12 
D.18 
8,65 

1.37 
1.7r> 
2.18 
2.7ri 
3-4r> 
4.36 

3.10 
3.89 
4.90 
6.18 
7.78 

s.ao 
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Fig.  39  shows  the  method  of  laying  out  the  pattern  for  the 
measure  and  lip.     First  draw  the  elevation  A  to  the  desired  size 


Fig.  39. 

and  assume  the  flare  of  the  lip  B,  as  shown  by  dh.  From  b  draw 
a  line  through  7"  to  c  which  is  a  chosen  point,  and  draw  a  line  from 
c  to  d.  Draw  the  handle  C  of  the  desired  shape.  Now  extend 
contour  lines  of  the  measure  until  they  intersect  at  a^  and  draw 
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the  half  section  of  the  bottom  of  the  measure  as  shown  at  D; 
divide  this  semi -circle  into  equal  parts  as  shown.     Now,  with  a  as 
a  center,  and   al  and  al^  as  radii,  describe  the  arcs  as  shown. 
From  any  point  (as  1')  draw  a  radial  line  to  a,  and  starting  at  1' 
set  off  the  number  of  spaces  contained  in  the  half  section  D,  as 
shown  by  the  small  figures  1'  to  7'.     From  7'  draw  a  radial  line 
to  a.    Allow  edges  for  wiring  and  seaming.    E  represents  the  half 
pattern  for  the  body  of  the  measure.    We  find  that  lip  B  is  simply 
an  intersected  frustum  of  a  right  cone,  which  can  be  developed  as 
shown  in  the  pattern  for  conical  boss  of  Fig.  25. 

There  is,  however,  a  shorter  method  which  serves  the  purpose 
just  as  well;  this  is  shown  at  F,  Fig.  39.  First  draw  the  half  sec- 
tion of  the  bottom  of  the  lip,  which  will  also  be  the  half  section  of 
the  top  of  the  measure,  as  shown  by  the  figures  1"  to  7".  Now, 
with  radii  equal  to  J-l",  or  h-T*  and  i'  in  F  as  center,  describe 
the  arc  7^7^.  From  V  drop  a  vertical  line  intersecting  the  arc  at 
1^.  Starting  from  the  \yomi  1*,  set  off  the  spaces  contained  in  the 
half  section  l"-4"-7",  as  shown  by  the  figures  1*  to  7*.  From  // 
draw  lines  through  the  intersections  7*7*,  extending  them  as  shown. 
Now  take  the  distance  from  1"  to  d  of  the  front  of  the  lip  and 
place  it  as  shown  by  1^/7'  in  F.  In  similar  manner  take  the  dis- 
tance from  7"  to  c  of  the  back  of  the  lip  and  place  it  as  shown  in 
Y  from  7*  to  c'  on  both  sides.  Draw  a  line  from  c'  to  il\  an<l  bi- 
sect it  to  obtain  the  center  e.  From  e^  at  right  angles  to  rV/'. 
draw  a  line  intersecting  the  line  I'd'  atyi  Then  using/' as  center, 
with  radius  equal  to  ///',  draw  the  arc  c'd'r\  as  shown.  Addinji 
laps  for  seaming  and  wiring  will  complete  the  pattern  for  the  lips. 

The  pattern  for  the  handle  and  grasp  C  is  obtained  as  shown 
in  Fiirs.  30  and  31. 

5cale  Scoop.  Fig.  40  shows  a  scale  scoop,  wired  along  the 
toj)  edges  and  soldered  or  seamed  in  the  center.  The  pattern  is 
made  as  shown  in  Fig.  41.  First  draw  the  elevation  of  the  sc'(K)p 
as  shown  by  ABCD.  (In  practice  the  half  elevation,  BDC,  is  all 
that  is  necessary.)  At  right  angles  to  BD  and  from  the  point  (\ 
draw  the  indefinite  straight  line  CE,  on  which  a  true  section  is  to 
be  drawn.  Therefore,  at  right  angles  to  CE,  from  points  C  and  E, 
draw  the  lines  CO  and  EE'.  From  E'  erect  a  perpendicular  as 
E^C,   on  which  at  a  convenient  point  locate  the  center  F;  with 
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FE»  as  radius,  describe  the  arc  HE»I.  Then  HE^I  will  be  the  true 
aection  on  CE  in  elevation.  Divide  the  section  into  a  number  of 
equal  parts  as  shown  by  the  figures  1  to  7;  through  these  points, 
parallel  to  the  line  of  the  scale  BD,  draw  lines  intersecting  BC  and 

CD  as  shown.  At  right  angles 
to  BD  draw  the  stretchout  line 
1-7  and  place  upon  it  the  stretch- 
out of  the  section  as  shown  by 
similar  fimires.  At  right  angles 
uig.  4U.  to  1  -  7  draw  lines  which  intersect 

lines  drawn  at  right  angles  to  BD,  from  intersections  on  BC 
and  DC  having  similar   numbers.     Trace  a  line  through  these 


Fig.  41. 

points  and  thus  obtain  the  desired  pattern.       The  dotted  outline 
shows  the  lap  and  wire  allowance. 
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In  Fig.  42  ia  sbowD  a  perspective  view  of  a  dust  pan  with  a 
tapering  handle  passing  through  the  back  of  the  pan  and  Boldere'l 
to  the  bottom.  The  first  step  is  to  draw  the  plao  and  eleratioD 
which  is  shown  in  Fig.  43.  Let  ABC  be  the  side  view  of  the  pan. 
Directly  below  it,  in  its  proper  position,  draw  the  bottom  DEFG. 
From  the  point  C  in  elevation  draw  a  line  d'd  indefinitely.  Now 
bisect  the  angle  EFG.  Through  c  and  F  draw  the  line  erf,  in- 
tersecting the  line  dd'  at  d.     From  d  draw  a  line  to  G. 

In  the  same  manner  obtain  Ef/'I)  on  the  opposite  side,  which 
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Fig.  44. 


will  complete  the  plan  view  of  the  pan.  Now  locate  the  point  A 
in  side  view,  through  which  the  center  line  of  the  handle  shall  jtass, 
and  draw  the  line  hit  Through  wi,  the  end  of  the  handle,  draw 
the  line  im  at  right  angles  to  /'/',  and  assume  "  the  half  width  at 
the  top  and  j  the  point  where  the  contour  line  of  the  handle  shall 
meet  the  back  of  the  ])an,  and  draw  a  line  from  o  through _/',  inter- 
secting  the  center  line  Im  at  /.  Mal^e  inn  equal  to  mo  and 
draw  a  line  from  »  to  /,  intersecting  the  back  of  the  pan  at  J", 
Through  h  at  right  angles  to  the  center  line  draw  y" ,  giving  the 
diameter  of  the  handle  at  that  point  to  be  used  later.  This  com- 
jdetes  the  elevation  of  the  handle;  the  plan  view  is  shown  by  dotted 
lines  and  eimilar  letters,  but  is  not  required  in  developing  the 
pattern. 

For  the  pattern  of  the  |)an  ]iroceed  as  ia  shown  in  Fig.  44,  in 
which  DEFG  is  a  rejiroduction  of  similar  letters  of  Fig,  43.  Take 
the  distance  of  BC  in  side  view,  Fig.  43,  and  place  it  as  shown  by 
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BC  in  Fig.  44  and  through  C  draw  a  line  parallel  to  EF  as  shown. 
At  right  angles  to  and  from  EF  draw  E/*  and  F/',  then  take  the 
distance  from  r  to 
d  m  plan  in  Fig.  43  SIDE  VIEW 
and  place  it  as 
shown  from  r  to  d 
on  both  sides  in 
Fig.  44.  Draw  the 
lines  ^F  and  rlE. 
Now  using:  E  asD 
center,  and  radius 
equal  to  E^Z  des- 
cribe the  arc  st. 
Then  with  td  as 
radius  and  s  as  cen- 
ter, intersect  the 
arc  st  at  d\  Draw 
a  line  from  d'  to 
D.  Insimilarman- 
ner  obtain  d'G  on  Q 
the  opposite  side, 
which  will  com- 
plete the  pattern 
for  the  pan.  Allow 
laps  for  wiring  and 
edging. 

The  opening 
in  the  back  of  the 
pan  to  allow  the 
handle  to  pass 
through  is  obtain- 
ed by  first  drawing 
a  center  line  ef^ 
then  take  the  dis- 
tances from  /  to  h 
and  /t  to  ar  in  Fig 
43,  noting  tha*^  j 
.*omes  directly  on  the  bend  B,  and  place  it  in  Fig.  44  on  the  line  ef 
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Fig.  45. 
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from  j  to  li  to  x^  placing  ;'  on  the  bend  as  shown.  Now  take  the  dis- 
tance from  A  to  i  or  A  ioj"  in  side  view  in  Fig.  43  and  place  it  in 
Fig.  44  from  A  to  i  on  either  side;  on  a  line  drawn  through  the 
points  jixi  draw  an  ellipse  shown.  Fig.  45  shows  the  method 
of  drawing  the  pattern  for  the  tapering  handle.  From  the  figure 
we  find  that  we  have  a  frustum  of  a  right  cone.  To  illustrate  each 
step  the  handle  has  been  slightly  enlarged.  Uy  <>,^',^*' represents 
7/ ,  o^  j^  j'  in  Fig.  43.  Draw  the  half  section  in  Fig.  45  as  shown, 
and  divide  it  into   equal   parts; 


drop  perpendiculars  as  shown  to 
the  line  no^  and  from  these 
points  draw  lines  to  the  apex  J, 
which  is  obtained  by  extending 
the  lines  nj'  and  oj  until  they 


Fig.  46. 

meet  at  h.  Where  the  radial 
lines  intersect  the  line  jj  draw 
lines  at  right  angles  to  the 
center  line  3b,  intersecting  the 
side  of  the  handle  ^  J  at  1',  2', 

and    5'.      Now  with    i   as  a  center  and 


;r,  4' 


Fig.  47. 

ho   as   a    radius, 

describe  the  arc  1-1,  upon  which  place  twice  the  number  of  sjmces 
contained  in  the  half  section  a.  From  these  points  on  1-1  draw- 
radial  lines  to  h  and  cut  them  with  arcs  struck  from  h  as  center 
and  radii  eciual  to  hl\  b2\  bS\  J4'  and  15'.  Trace  a  line  through 
points  thus  obtained  to  complete  the  pattern. 

Colander.  Fixr.  4(3  shows  another  well-known  form  of  tin 
ware,  known  as  a  colander.  The  top  and  bottom  are  wired  and 
the  foot  and  body  seamed  together,  the  handles  of  tinned  malleable 
iron  being  rivete<l  to  the  body.  In  Fig.  47  is  shown  how  to  lay 
out  the  jMitterns.  Draw  the  elevation  of  the  body  A  and  foot  1^ 
and  extend  the  sides  of  the  body  and  foot  until  they  meet  respec 
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lively  at  C  and  D  on  the  center  line  ah.  Draw  the  half  section  on 
the  line  1-7  and  divide  it  into  equal  parts  as  shown.  For  the  body 
use  C  as  a  center  and  describe  the  arcs  shown,  laying  off  the 
stretchout  on  the  lower  arc,  allowing  edges  in  the  usual  manner. 
Then  E  will  be  the  half  pattern  for  the  body.  In  the  usual  man- 
ner obtain  the  pattern  for  the  foot  shown  at  F,  the  pattern  being 
struck  from  D'  as  center,  with  radii  obtained  from  tlie  elevation 
Dl  and  Dc. 
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TABLE  OF  STANDARD  OR  REGULAR  TIN  PLATES. 


Size  and  Kind  of  Plates,  Number  and  Weight  of  Sheets  In  a  Box,  ■ 
Wire  tiuage  Thickness,  of  Every  Kind  and  Size. 


Size. 

Grade. 

SheetH 
iu  Bos. 

Pounds 
iu  Box. 

Wire 
Guage. 

lOsIO 

IC 

225 

80 

29 

IX 

226 

100 

27 

IXX 

225 

115 

2K 

rxxx 

225 

130 

25 

ixxxx 

225 

145 

24  12 

lOsU 

IC 

225 

112 

29 

IX 

225 

140 

27 

IXX 

225 

161 

26 

■' 

IXXX 

226 

1H2 

25 

IXXXX 

225 

203 

24  1-2 

- 

IXXXXX 

225 

224 

21 

IXXXXXX 

225 

245 

23  1-2 

10x20 

IC 

225 

160 

29 

IX 

225 

200 

27 

11x11 

IC 

225 

95 

29 

IX 

226 

121 

27 

IXX 

225 

139 

26 

IXXX 

225 

157 

25 

" 

IXXXX 

225 

175 

24  1-2 

llxlfi 

SDC 

200 

168 

26 

SDX 

200 

189 

25 

SDXX 

200 

210 

24  1  2 

lis  If) 

SDX  XX 

200 

230 

21 

12x12 

IC 

225 

112 

29 

IS 

225 

140 

27 

IXX 

225 

161 

2lt 

IXXX 

225 

182 

21 

IXXXX 

225 

■2m 

24  1-2 

IXXXXX 

225 

224 

24 

IXXXXXX 

225 

245 

2;^  12 

12  1-2x17 

DC 

IIX) 

98 

28 

DX 

100 

126 

2(> 

DXX 

lOf) 

147 

24 

DXXX 

u» 

168 

23 

DXXXX 

100 

189 

22 

DXXXXX 

101) 

210 

21 

i;ixi3 

IC 

225 

135 

29 

IX 

22.'> 

169 

27 

IXX 

22F. 

194 

26 

IXXX 

225 

220 

25 

IXXXX 

22fi 

245 

24  1-2 

i:!xl7 

IXX 

22r, 

254 

26 

i;uia 

IX 

22r, 

2.S4 

27 

IXX 

225 

2fiit 

26 

14x14 

IC 

22r. 

157 

29 

IX 

T2J, 

I9(i 

27 

IXX 

22.-. 

225 

2t5 

IXXX 

22.-I 

255 

25 

TABLE  OF  STANDARD  OR  REGULAR  TIN  PLATES. — Con. 


Size. 

Grade. 

Sheets 
in  Box. 

Pounds 
in  Box. 

Wire 
Gauge. 

14  xH 

IXXXX 

255 

284 

241-2 

14x17 

IX 

225 

238 

27 

14x20 

IC 

112 

113 

29 

t( 

IX 

112 

143 

27 

(( 

TXX 

112 

162 

26 

u 

IXXX 

112 

183 

25 

« 

IXXXX 

112 

202 

24  1-2 

15x15 

IX 

225 

225 

27 

a 

IXX 

225 

259 

26 

it 

IXXX 

225 

293 

25 

(( 

IXXXX 

225 

326 

24  1-2 

15x21 

IX 

112 

158 

27 

u 

DXX 

100 

218 

24 

u 

DXXX 

100 

249 

23 

u 

DXXXX 

100 

280 

22 

15x22 

IXX 

112 

190 

26 

k( 

SDXX 

100 

210 

241-2 

u 

SDXXX 

100 

230 

24 

16x16 

IC 

225 

205 

29 

(( 
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EXAMINATION  PLATES. 

Drawing  Plates  I  to  IV  inclusive  constitute  the  examination 

for  this  Instruction  Paper.     The  student  should  draw  these  plates 

in  ink  and  send  them  to  the  School  for  correction  and  criticism. 

The  construction  lines  and  points  should  be  clearly  shown.     The 

ilate,  student's  name  and  address,  and  plate  number  should  be 

lettered  on  each  plate  in  Gothic  capitals. 

In  preparing  the  plates,  the  student  should  practice  on  other 
paper,  and  then  send  finished  drawings  for  examination.  The 
plates  of  this  instruction  paper  should  be  laid  out  in  the  same 
manner  and  of  the  same  size  as  the  plates  in  Mechanical  Drawing 
Parts  I,  II  and  III. 

PLATE    I. 

On  this  plate,  the  intersection  between  two  right  cones  is 
shown.  This  problem  arises  in  the  manufacture  of  tinware  in 
such  instances  as  the  intersections  between  the  spout  and  body 
as  in  a  teapot,  watering  pot,  kerosene-oil  can,  dipper  handle  and 
body,  and  other  articles.  It  is  one  of  the  most  complicated  prob- 
lems arising  in  tinsmith  work.  The  problem  should  be  drawn  in 
the  center  of  the  sheet  making  the  diameter  of  the  base  A  4 
inches  and  the  height  of  the  cone  B  4^  inches.  The  distance 
from  X  to  Y  should  be  1  inch.  From  the  point  F  measure  down 
on  the  side  of  the  cone  a  distance  of  3 J  inches  and  locate  the 
point  C,  from  which  draw  the  axis  of  the  smaller  cone  at  an  angle 
of  45°  to  the  axis  of  the  larger  cone.  From  C  measure  on  CL 
1|  inches  locating  the  point  6';  through  this  point,  at  right  angles 
to  the  axis,  draw  ED  equal  to  IJ  inches.  From  the  point  4'  on 
the  base  of  the  cone,  measure  up  on  the  side  of  the  cone  a  distance 
of  ^  inch  as  indicated  by  ^,  and  draw  a  line  from  o  to  E,  extending 
it,  until  it  intersects  the  axis  LC  at  L.  From  L  draw  a  line 
through  D  extending  it  until  it  intersects  the  larger  cone  at  a. 
Then  D  a  <?  E  will  represent  the  outline  of  the  frustum  of  the 
smaller  cone  in  elevation. 

The  next  step  is  to  obtain  the  line  of  intersection  between 
tha  two  cones,  but  before  this  can  be  accomplished,  horizontal 
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sections  must  be  made  through  various  planes  of  the  smaller  cone 
cuttinor  into  the  lar<xer.  As  the  intersection  of  each  half  of  the 
smaller  cone  with  the  larger  one  is  symetrical,  and  as  the  small 
cone  will  not  intersect  the  larger  one  to  a  depth  greater  than  the 
point  1  in  plan,  divide  only  one-quarter  of  the  plan  into  a  number 
of  equal  spaces  as  shown  by  figures  1  to  4;  from  these  points 
draw  radial  lines  to  the  center  F*  as  shown.  Also  from  points  1, 
2,  3  and  4  erect  vertical  lines  intersectincr  the  base  of  the  cone  at 
1',  2',  3'  and  4'  respectively,  from  which  points  draw  radial  lines  to 
the  apex  F. 

Now  with  0'  on  the  line  ED  as  a  center  describe  the  circle 
shown,  which  represents  the  true  section  on   ED.     Divide  each 
semi-circle  into  the  same  number  of  divisions  as  shown  by  the 
small  figures  D,  5,  6,  7,  and  E  on  either  side.     From  these  points  at 
right  angles  to  ED  draw  lines  intersecting  the  center  line  ED  at  5'. 
G'  and  7'.     From  the  apex  L  draw  lines  through  the  intersection  5',  G' 
and  7',  and  extend  them  until  they  intersect  the  axis  of  the  large  cone 
at  e  and  the  base  line  at  h  and  n.     The  student  may  naturally  ask 
why  the  radial  lines  in  the  small  cone  are  drawn  to  these  points. 
As  it  is  not  known  how  far  the  smaller  cone  will  intersect  the  larcrer 
one,  we  obtain  such  sections  on  the  planes  just  drawn,  as  we  think 
will  be  required  to  determine  the  depth  of  the  intersection.     Thus 
the  radial  line  drawn  throutrh  5'  intersects  the  radial  lines  throucrh 
4'^  3',  2'  and  V  in  the  larger  cone,  at   />,  c^  d  and  e  respectively. 
The  radial  line  throutrh  0'  intersects  radial  lines  in  the  larcjer  cone 
at/",  //,  / ,  ;  and  the  base  line  at  /*,  while  the  radial  line  drawn 
through  the  point  7',  intersects  the  radial  lines  of  the  larger  cone 
at  /  and  in  and  the  base  at  n.     We  know  that  the  line  Da  and  E^/ 
of  the  smaller  cone  intersect  the  larger  cone  at  points  a  and  o  re- 
spectively, and  determine  the  true  points  of  intersection;  these  are 
shown  in  plan  by  (f'  and  o\  and  therefore   no  horizontal  sections 
are  re(juired  on  these  two  planes.      For  the  horizontal  section  on 
the  j)lane  h  e^  drop  vertical  lines  from  the  intersections  J,  c  and  if 
on  the  radial  lines,  intersecting  radial   linens  having  similar  num- 
])ers  in  plan  as  shown  ])y  //,  <•'  and  d' ,     To  obtain  the  point  of  in- 
tersection in  plan  of  t^  in  elevation,  draw  from  the  point  e  a  hori- 
zontal line  intersecting  the  side  of  the  cone  at  e^^  from  which  point 
drop  a  perpendicular  line   intersecting  the  center  line  in  plan  at  <^\ 
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Then  using  FV^^  as  radius,  describe  an  arc  intersecting  the  radial 
line  1  at  /.  Through  the  points  e\  d' ^  &  and  h*  draw  a  curved 
line,  which  is  the  half  horizontal  section  of  J  ^  in  elevation.  In 
the  same  manner  obtain  the  sections  shown  in  plan  by  f*^  h\  i\f 
and  i*';  and  /',  m'  and  n\  which  have  similar  letters  and  figures  in 
both  plan  and  elevation.  The  next  step  is  to  obtain  the  intersec- 
tions w^here  the  radial  lines  of  the  smaller  cone  will  intersect  these 
sections  in  plan  just  obtained.  To  avoid  a  confusion  of  lines 
which  would  otherwise  occur,  a  reproduction  of  the  plan  and  ele- 
vation has  been  transferred  to  Plate  II. 

PLATE  II. 

The  figures  on  this  plate  are  similar  to  those  on  Plate  I  and 
have  similar  letters  and  figures;  those  letters  and  figures  being 
omitted  which  are  not  necessary.  This  plate  should  be  studied 
carefully  before  proceeding.  The  reproducing  from  Plate  I  can 
be  best  done  by  using  a  needle  point  or  the  small  needle  which  is 
usually  found  in  the  handle  of  the  drawing  pen,  when  unscrewing 
the  pen  from  the  handle,  and  pricking  through  Plate  I,  very  small 
indistinct  prick  marks.  Omit  all  that  is  omitted  in  Plate  II, 
where  it  will  be  noticed  that  the  radial  line  in  elevation,  of  the 
larger  cone,  and  some  of  the  various  small  letters  in  plan  are  not 
represented. 

To  obtain  the  plan  view  of  the  smaller  cone,  proceed  as  fol- 
lows: Extend  the  line  F^  4  in  plan  as  shown  by  F^  E^  From  the 
apex  L  of  the  smaller  cone  drop  a  vertical  line  intersecting  F*  E*  at 
L^,  which  represents  the  apex  of  the  smaller  cone  in  plan.  With 
L^  as  center  and  radius  equal  to  the  radius  G'  D  describe  the  circle 
E*  D*  and  divide  the  circumference  into  the  same  number  of  spaces 
as  ED,  being  careful  to  number  the  spaces  as  is  there  shown.  The 
reason  for  doing  this  may  be  better  understood  from  what  follows: 
Assume  that  ED  is  a  pivot  on  which  the  circle  turns,  so  that  it 
lies  on  a  plane  ED,  then  by  looking  down  from  the  top,  the  points 
6  and  6  appear  as  shown  by  6'  and  G'  in  plan. 

A  better  illustration  is  obtained  by  cutting  a  card-board  disc 
and  after  spacing  it  and  numbering  the  points  hold  it  in  various 
positions  until  all  the  points  become  clear.  Now  from  the  inter- 
sections on  ED  in  elevation,  drop  lines,  intersecting  horizontal 
lines  drawn  from  similar  numbered  points  in  the  profile  E^  D*, 
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thus  obtaining  the  points  of  intersection  D^,  5^,  6^,  7^  and  E^. 
Trace  a  curved  line  through  these  points,  which  will  give  the 
the  top  view  of  ED.  As  the  radial  lines  drawn  through  the 
points  5',  6'  and  7'  on  the  line  ED  of  the  smaller  cone  in 
elevation  intersect  the  section  lines  h  e^  fk  and  I  n  respec- 
tively, the  radial  lines  in  plan  drawn  through  the  apex  L*  and 
points  5^,  6^,  and  7^  must  intersect  similar  section  lines  in  plan 

V  e\f'  k'  and  V  n'  respectively,  as  shown  by  points  5*,  6*  and  7*. 
The  points  a'  and  o'  are  obtained  by  dropping  perpendiculars  from 
the  points  a  and  o  in  elevation  onto  the  line  E^  F^  in  plan. 
Through  the  points  thus  obtained,  draw  the  curved  line  a\  5*,  G', 
7^^,  o'  which  will  represent  the  plan  view  of  one-half  of  the  inter- 
section between  the  two  cones,  the  other  half  being  similar. 

Now  from  the  intersections  5*,  6*  and  7*  on  the  section  lines 

V  e\f'  k'  2iuA  V  n'  respectively,  erect  perpendicular  lines  inter- 
secting similar  section  lines  in  elevation  be^fk  and  In  as  shown 
respectively  by  points  5°,  6°  and  7°. 

A  curved  line  traced  through  a,  5°,  6°,  7°  and  o  will  represent 
the  line  of  intersection  between  the  two  cones  in  elevation.  At 
right  angles  to  the  axis  of  the  smaller  cone  and  from  the  inter- 
sections tf,  5°,  6^  and  7^  draw  lines  intersecting  the  side  of  tlie 
cone  E  o  at  D^  5-^  G-^  and  7^.  For  the  pattern  of  the  smaller 
cone  proceed  as  is  shown  in  the  following  j)late: 

PLATE  III. 

On  this  plate  the  two  patterns  should  be  placed  in  the  center 
of  the  sheet.  Take  the  radius  of  LD  in  Plate  II  and  with  L  in 
Fig.  1  of  Plate  111  as  center  describe  the  arc  DD.  From  L  drop 
a  vertical  line  as  shown  by  L  E'^.  Upon  the  arc  DD  meas- 
uring from  either  side  of  the  point  E,  lay  off  the  stretchout  of 
the  semi-circle  E,  7,  G,  5,  D  in  Plate  Has  shown  by  similar  letter:^ 
and  figures  on  DD  in  Fig.  1  Plate  III.  From  the  a])ex  L  and 
through  these  points  draw  radial  lines  as  shown  and  intersect  them 
by  arcs  wiiosi*  radii  are  e(jual  to  L  D-^,  L  5'\  L  6'^,  L  7-^  and  L  E-^  in 
Plate  II,  as  shown  by  similar  letters  and  figures  in  Plate  III.  Trace 
a  line  through  points  thus  obtained,  and  D,  E,  D,  D-^,  E-^,  I)^,  I) 
will  be  the  pattern  for  the  small  cone.  As  the  pattern  for  the 
larger  cone  is  obtained  in  the  usual  manner,  we  will  only  show 
how  to  obtain  the  oj)ening  to  be  cut  into  one  side  of  the  larger 
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cone  to  admit  the  intersection  of  the  smaller.  We  must  now 
again  refer  to  Plate  II.  From  the  intersections  a,  5*^,6^,  7°,  and 
o  in  elevation  draw  lines  at  right  angles  to  the  line  of  the  axis, 
intersecting  the  side  of  the  cone  at  4^,  5^,  6^,  7^  and  4^. 

Also  in  addition  to  the  spaces  1,  2,  3  and  4  in  the  plan  view, 
it  will  be  necessary  to  obtain  the  points  of  intersection  on  the  base 
line  in  plan,  where  the  radial  lines  would  intersect  drawn  from 
the  apex  F^  through  the  points  of  intersections  between  the  two 
cones.  This  is  accomplished  by  drawing  lines  from  F*  through 
5*,  6*  and  7*  until  they  intersect  the  base  line  in  plan  at  5,  6  and 
7.  All  these  points  form  the  basis  with  which  to  develop  the  . 
pattern  shown  in  Fig.  2  of  Plate  III,  in  which  draw  the  vertical 
line  F  4,  and  with  F  as  a  center  and  radii  equal  to  FY,  and  F  P 
in  Plate  II  draw  the  arcs  YY  and  PP  in  Fig.  2  of  Plate  III  as 
shown.  Now  starting  from  the  point  4  on  the  arc  PP  on  either 
side,  lay  oflE  the  stretchout  of  1,  6,  5,  7  and  4  in  plan  in  Plate 
II  as  shown  by  similar  numbers  in  Fig.  2  of  Plate  III.  From 
the  points  6,  5,  7  and  4  on  either  side  draw  radial  lines  to  the 
apex  F,  which  will  be  used  to  obtain  the  pattern  for  the  opening. 
Now  with  F  as  center  and  radii  equal  to  F  4^,  F  5^,  F  6^,  F  7^ 
and  F  4^  in  Plate  II,  describe,  arcs  intersecting  radial  lines  having 
similar  numbers  in  Fig.  2  of  Plate  III  as  shown  by  intersections 
having  similar  numbers.  A  line  traced  through  these  points  will 
be  the  required  opening  to  be  cut  out  of  the  pattern  of  the  larger 
cone,  one-half  of  which  is  shown  by  drawing  radial  lines  from  the 
j)oints  1  and  1  to  the  apex  F. 

PLATE   IV. 

In  drawing  this  plate,  the  same  size  paper  and  border  lines 
should  be  used  as  for  the  preceding  plates.  The  subject  for  this 
plate  is  an  oil  tank  resting  on  inclined  wooden  racks.  The  prob- 
lem involves  patterns  in  parallel  and  radial-line  developments. 
The  drawing  can  be  made  to  any  convenient  scale  until  the  prob- 
lems are  understood  and  should  be  proven  by  paste-board  models. 
It  should  be  drawn  to  a  convenient  scale,  placing  the  pattern  to 
till  the  sheet  and  make  a  neat  apj)earance.  The  section,  stretch- 
out lines,  construction  lines,  and  developments  should  be  num- 
uered  or  lettered,  so  as  to  prove  the  thorough  understanding  of 
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The  subject  of  mechanical  drawing  is  of  grefit  interest  and 
importance  to  all  mechanics,  and  engineers.  Drawing  is  the 
method  used  to  show  graphically  the  small  details  of  machinery  ; 
it  is  the  language  by  which  t!ie  designer  speaks  to  the  workman; 
it  is  the  most  graphical  way  to  place  ideas  and  calculations  on 
record.  Working  dm  wings  take  the  place  of  lengthy  explana- 
tions, either  written  or  verbal.  A  brief  inspection  of  an  accurate, 
well-executed  drawing  gives  a  better  idea  of  a  machine  than  a 
large  amount  of  verbal  description.  The  better  and  more  clearly 
a  drawing  is  made,  the  more  intelligently  the  workman  can  com- 
prehend the  ideas  of  the  designer.  A  thorough  training  in  this 
important  subject  is  necessi-ry  to  the  success  of  everyone  engaged 
in  mechanical  work.  The  success  of  a  draftsman  depends  to  some 
extent  upon  the  quality  of  his  instruments  and  materials.  Begin- 
ners frequently  purchase  a  cheap  grade  of  instruments.  After 
they  have  become  expert  and  have  learned  to  take  care  of  their 
instruments  they  discard  them  for  those  of  l>etter  construction  and 
finish.  This  plan  has  its  advantages,  but  to  do  the  best  work, 
strong,  well-made  and  finely  finished  instruments  are  necessary. 

INSTRUriENTS  AND  flATERIALS. 

Drawing:  Paper.  In  selecting  drawing  paper,  the  first  thing 
to  be  considered  is  the  kind  of  paper  most  suitable  for  the  pro- 
posed work.  For  shop  drawings,  a  manilla  pa[)er  Is  frequently 
used,  on  account  of  its  toughness  and  strength,  because  the  draw- 
ing is  likely  to  be  subjected  to  considerable  hard  usage.  If  a 
finished  drawing  is  to  be  made,  the  best  white  drawing  paper 
should  be  obtained,  so  that  the  drawing  will  not  fade  or  become 
discolored  with  age.  A  good  drawing  paper  should  be  strong, 
have  uniform  thickness  and  surface,  should  stretch  evenly,  and 
should  neither  repel  nor  absorb  liquids.  It  should  also  allow  con- 
siderable erasing  without  spoiling  the  surface,  and  it  should  lie 
BiQootb  when  Btretched  or  when  ink  or  colors  are  used.     It  is,  of 
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course,  impossible  to  find  all  of  these  qualities  in  any  one  paper, 
as  for  instance  great  strength  cannot  be  combined  with  fine 
surface. 

In  selecting  a  drawing  paper   the   kind   should   be  chosen 
which   combines  the  greatest  number  of   these  qualities  for  the 
given  work.     Of  the  better  class  Whatman's  are  considered  ^V 
far  the   best.      This   paper  is   made  in   three  grades;  the  M 
pressed  has  a  smooth  surface  and  is  especially  adapted  for  pencu 
and  very  fine   line   drawing,  the  cold  pressed  is  rougher  th»^ 
the  hot  pressed,  has  a  finely  gmined  surface  and  is  more  so^^ 
able  for  water  color  drawing  ;  the  rotigh  is  used  for  tinting.    Tl"^^ 
cold  pressed  does  not  take  ink  as  well  as  the  hot  pressed,  ht^ 
erasures  do  not  show  as  much  on  it,  and  it  is  better  for  gene 
work.    There  is  but  little  difiference  in  the  two  sides  of  Whatman 
paper,  arid  either  can  be  used.     This  paper  comes  in  sheets 
standard  sizes  as  follows :  — 


Cap, 

13  X  17  inches. 

Elephant, 

23  X  28tnobet^^ 

Demy, 

15  X  20      ** 

Columbia, 

23X  34     *• 

Medium, 

17  X  22      *' 

Atlas, 

26  X  84     ** 

Royal, 

19  X  24     *' 

Double  Elephant, 

27  X  40     *' 

Super-Royal, 

19X27      *' 

Antiquarian, 

31  X  63     •* 

Imperial, 

22  X  30      " 

Emperor, 

48X  68     '* 

The  usual  method  of  fastening  paper  to  a  drawing  board  is  by 
means  of  thumb  tacks  or  small  one-ounce  copper  or  iron  tacks. 
lu  fastening  the  paper  by  this  method  first  fasten  the  upper  left 
hand  corner  and  then  the  lower  right  pulling  the  paper  taut.  The 
other  two  corners  are  then  fastened,  and  sufficient  number  of  tacks 
are  placed  along  the  edges  to  make  the  paper  lie  smoothly.  For 
very  fine  work  tlie  paper  is  usually  stretched  and  glued  to  the 
board.  To  do  tliis  the  edges  of  the  paper  are  first  turned  up  all 
tlie  way  round,  the  margin  being  at  least  one  inch.  The  whole 
surface  of  the  paper  included  between  these  turned  up  edges  is 
then  moistened  by  means  of  a  sponge  or  soft  cloth  and  paste  or 
glue  is  spread  on  the  turned  up  edges.  After  removing  all  the 
surplus  water  on  the  paper,  the  edges  are  pressed  down  on  the 
board,  connnencing  at  one  corner.  During  this  process  of  laying 
down  the  edges,  the  paper  should  be  stretched  slightly  by  pulling 
the  edges  towards  the  edges  of  the  drawing  boaixl.  The  drawing 
board  is  then  placed  horizont'illy  and  left  to  dry.  After  the  paper 
has  become  dry  it  will  be  found  to  be  as  smooth  and  tight  as  a 
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drum  head.     If,  in  stretching,  t1ie  paper  is  stretclied  too  much  it 
is  likely  to  split  in  drying.     A  slight  stretch  in  sufficient. 

Drawing  Board.  The  size  of,  tlie  drawing  hoard  depends 
upon  the  size  of  paper.  Mtiny  draftsmen,  however,  have  several 
hoards  of  various  sizes,  as  they  are  very  convenient.  The  draw- 
ing board  is  usually  made  of  soft  pine,  wliich  should  be  well  aea- 
Boned  and  straight  grained.  The  grain  sliould  run  lengtliwise  of 
the  board,  and  at  the  two  ends  there  should  he  pieces  about  1|  or 
2  inches  wide  fastened  to  the  board  by  nails  or  screws.  These 
end  pieces  should  be  perfectly  straiglit  for  accuracy  in  using  the 
T-square.      Frequently  the   end  pieces  are  fastened  by  a  glued 
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matched  joint,  nails  and  screws  bi-ing  also  usud.  Two  cleats  on 
the  bottom  extending  the  whole  width  of  the  Ixiard,  will  i-educe 
the  tendency  to  warp,  and  make  the  hoard  easier  to  move  us  they 
raise  it  from  the  table. 

Thumb  Tacks.  Thumb  tacks  are  used  fur  fiistuning  the 
paper  to  the  drawing  board.  They  are  usually  made  of  steel 
either  pressed  into  shape,  as  in  the  cheaper  grades,  oi-  made  with  a 
head  of  German  silver  with  the  [Kiint  sciewed  and  riveted  to  it. 
They  are  made  in  various  sizes  and  are  very  convenient  as  they 
ean  be  easily  removed  from  the  board.     For  most  work  Iiowever, 
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drdf  tsnien  iise  small  one-ounce  copper  or  iron  tacks,  as  they  can  be 
forced  flush  with  the  drawing  paper,  thus  offering  no  ohstruction 
to  the  T-square.  They  also  possess  the  advantage  of  cheapness. 
Pencils.  In  pencilling  a  drawing  the  lines  should  be  very 
fine  and  light.  To  obtain  these  light  lines  a  hard  lead  pencil  must 
be  used.  Lead  pencils  are  gmded  according  to  their  hardn^s, 
and  are  numbered  by  using  the  letter  H.  In  general  a  lead  pencil 
of  5H  (or  HHHHH)  or  6H  should  be  used.    A  softer  pencil,  4H, 

is  better  for  making  lettens,  figures  and 
points.  A  hard  lead  pencil  should  be 
sharpened  as  shown  in  Fig.  1 .  The  wood 
is  cut  away  so  that  about  ^  or  |  inch 
of  lead  projects.  The  lead  can  then  be 
sharpened  to  a  chisel  edge  by  rubbing  it 
against  a  bit  of  sand  paper  or  a  fine  file. 
It  should  be  ground  to  a  chisel  edge  and 
the  corners  slightly  rounded.  In  making 
the  stmight  lines  the  chisel  edge  should 
be  used  by  placing  it  against  the  T-square 
or  triangle,  and  because  of  the  chisel  edge 


Fig.  1. 


the  lead  will  remain  sharp  much  longer  than  if  sharpened  to  a  point. 
This  chisel  edge  enables  the  draftsman  to  draw  a  fine  line  exactly 
through  a  given  point.  If  the  drawing  is  not  to  be  inked,  but  is 
made  for  tracing  or  for  rough  usage  in  the  shop,  a  softer  pencil, 
311  or  4H,  maybe  used,  as  the  lines  will  then  be  somewhat  thicker 
and  heavier.  The  lead  for  compasses  may  also  be  sharpened  to  a 
point  although  some  draftsmen  prefer  to  use  a  chisel  edge  in  the 
compasses  as  well  as  for  the  pencil. 

In  using  a  very  hard  lead  pencil,  the  chisel  edge  will  make  a 
deep  depression  in  tiie  paper  if  nnich  pressui-e  is  put  on  the  pencil. 
As  this  depression  cannot  be  erased  it  is  much  better  to  pi-ess 
li^^litly  on  tlie  pencil. 

Erasers.  In  making  drawings,  but  little  erasing  should  bo 
necessary.  However,  in  case  this  is  necessary,  a  soft  rubber 
sliould  be  used.  In  erasing  a  line  or  letter,  great  care  must  be 
exercised  or  the  surroundinsr  work  will  also  become  erased.  To 
prevent  this,  some  draftsmen  cut  a  slit  about  3  inches  long  and 
J  to  I  inch  wide  in  a  card  as  shown  in  Fig.  %%     The  card  is  then 
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placed  over  the  work  and  the  line  erased  without  erasing  the  rest 
of  the  drawing.  An  erasing  shield  of  a  form  similar  to  that  shown 
in  Fig.  3  is  very  convenient,  especially  in  erasing  letters.  It  is 
made  of  thin  sheet  metal  and  is  clean  and  durahle. 

For  cleaning  drawings,  a  sponge  rubber  may  be  ased.     Bread 
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Fig.  8. 


crumbs  are  also  used  for  this  purpose.  To  clean  the  dmwing 
scatter  dry  bread  crumbs  over  it  and  rub  them  on  the  surface 
with  the  hand. 

T-Square.     The  T-square  consists  of  a  thin   straight  edge 
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called  the  blade,  fastened  to  a  head  at  right  angles  to  it.  It  gets 
its  name  from  the  general  shape.  T-squares  are  made  of  various 
materials,  wood  being  the  most  commonly  used.  Fig.  4  shows  an 
ordinary  form  of  T-square  which  is  adapted  to  most  work.  In 
Fig.  5  is  shown  a  T-square  with  edges  made  of  ebony  or  mahogany, 
as  these  woods  are  much  harder  than  pear  wood  or  maple,  which 
is  generally  used.  The  head  is  formed  so  as  to  fit  against  the  left- 
hand  edge  of  the  drawing  board,  while  the  bhide  extends  over  the 
surface.  It  is  desirable  to  have  the  blade  of  the  T-square  fonn  a 
right  angle  with  the  head,  so  that  the  lines  drawn  with  the  T- 
square  will  be  at  right  angles  to  the  left-hand  edge  of  the  board. 
This,  however,  is  not  absolutely  necessary,  because  the  lines  drawn 
with  the  Tnsquare  are  always  with  reference  to  one  edge  of  the 
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board  only,  and  if  this  edge  of  the  board  is  straight,  the  lines 
drawn  with  the  T-square  will  be  parallel  to  each  other.  The  T- 
square  should  never  be  used  except  with  the  left-hand  edge  of  the 
board,  as  it  is  almost  impossible  to  find  a  drawing  broad  with  the 
edges  parallel  or  at  right  angles  to  each  other. 

The  T-square  with  an  adjustable  head  is  frequently  very  con- 
venient, as  it  is  sometimes  necessary  to  draw  lines  parallel  to  each 


Pig.  5. 

other  which  are  not  at  I'ight  angles  to  the  left-hand  edge  of  the 
board.  This  form  of  T-square  is  similar  to  the  ordinary  T-squar® 
already  described,  but  the  liead  is  swiveled  so  that  it  may  he 
clamped  at  any  desired  angle.     Tlie  ordinary  T-square  as  sho^D 

in  Figs.  4  and  5  is,  hoW 
ever,    adapted    to    almost 
any  class  of  drawing. 

Fig.     6     shows    the 
method  of  drawing  parallel 
liorizontal    lines    witli  the 
T-square.     With  the  head 
of  the  T-square  in  contact 
with  the  left-hand  edge  of 
tlie  board,  the  lines  may  be 
drawn  by  moving  llie  T-stjuare  to  tlie  desired  position.    In  using  the 
T-square  tlic  up[)rr  odire  should  always  l)e  used  for  drawing  as  the 
two  edges  may  not  be  exactly  parallel  and  straight,  and  also  it  is 
more  convenient  to  use  this  edge  with  the  triangles.     If  it  is  neces- 
sary to  use  a  straiglit  edge  for  trimming  drawings  or  cutting  the 
paper  from  the  board,  the  lower  edge  of  the  T-square  should  be 
used  so  that  the  upper  edge  may  not  be  marred. 

For  accurate  work  it  is  absolutely  necessary  that  the  working 
edge  of  the    T-s(piare    should  be  exactly    straight.     To  test  the 


P ^ 

Jo      0^  I 

o     o 

|o o| 


Fi-.  (J. 


328 


MECHANICAL    DRAWING. 


9 


sti-aigiitness  of  the  edge  of  the  T-square,  two  T-squares  may  be 
placed  together  as  shown  in  Fig.  7.  This  figure  shows  plainly 
that  the  edge  of  one  of  the  T-squares  is  crooked.  This  fact,  how- 
ever, does  not  prove  that  either  one  is  straight,  and  for  this  deter- 
mination a  third  blade  must  be 
used  and  tried  with  the  two 
given  T-squares  successively. 

Triangles.  Triangles  are 
made  of  various  substances  such 
as  wood,  rubber,  celluloid  and 
steel.  Wooden  triangles  are 
cheap  but  are  likely  to  warp  and  get  out  of  shape.  The  rubber  tri- 
angles are  frequently  used,  and  are  in  general  satisfactory.  The 
transparent  celluloid  triangle  Ls,  however,  extensively  used  on  ac- 
count of  its  transparency,  which  enables  the  draftsmen  to  see  the 
work  already  done  even  when  covered  with  the  triangle.  In  using 
a  rubber  or  celluloid  triangle  take  care  that  it  lies  perfectly  flat  or 


Fig.  7. 


TRIANGLKS. 

is  hung  up  when  not  in  use  ;  when  allowed  to  lie  on  the  drawing 
board  with  a  pencil  or  an  eraser  under  one  corner  it  will  become 
warped  in  a  short  time,  especially  if  the  room  is  hot  or  the  sun 
happens  to  strike  the  triangle. 

Triangles  are  made  in  various  sizes,  and  many  draftsmen 
have  several  constantly  on  hand.  A  triangle  from  G  to  8  inches 
on  a  side  will  be  found  convenient  for  most  work,  altliough  there 
are  many  cases  where  a  small  triangle  measuring  aI)out  4  inches 
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on  a  side  will  l)e  found  useful.     Two  triangles  are  necessary  i^^ 

eveiy  dniftsnian,  one  having  two  angles  of  45  degrees  each  and 

one  a  riglit  angle  ;  and  the  other  having  one  angle  of  60  degree*'*' 

one  of  30  degrees  and  one  of  90  degrees. 

The  value  of  the  triangle  depends  upon  the  accuittcy  of  t**^ 

angles  and  the  stniightness  of  the  edges.     To  test  the  accuracy  ^^ 

the  right  angle  of  a  f  ^* 
angle,  place  the  trian^**^ 
with  the  lower  edge  re=*^' 
ing  on  the  edge  of  ^*^ 
T-«quare,  as  shown  ^ 
Fig.  8.  Now  draw  ^^^^ 
line  C  D,  which  should 
perpendicular  to  the  ec^S^ 
of  the  T-square,  1i 
same  triangle  should  i 

be  plactMJ  in  tlio  position  shown  at  B.     If  the  right  angle  of 

triiuigle  is  exactly  00  dogreos  the  left-hand  edge  of  the  trian 

should  exactly  coincide  with  the  line  C  D. 

To  test  the  accunicy  of  the  4rMlegree  triangles,  first  test 

rijj^iit  an«^l(»  tlieii   place  t!ic 

tiiaiiLile     willi     tlie    lower 

vd<^t'  ri'stin;;  on  I  lie  woi'k- 

intr  (mI^c  of    tlie  T-s(|nare, 

ami  draw   llit*  line    I^  F  as 

shown    in    Kiir.    !K       Now 

without     movint^    the     'I'- 

sfjuaiv  |>la(M»    the    tri.uii^lt^ 

so  that  tlu'otlM'i'  lo-drjrive 

anijfle    is     in     the  ]M)sition 

«n'(n])ir<l  \)\  t\\r.   liist.     If  the  two  4")-degree  angles  coincide  thej 

air  jurnraic. 

Triani^Hivs    nre    v»*ry  convenient    in    dniwing    linos    at    rij^Iil 

an«j^l(!s  to  the  'I'-sqnare.     Tin*  method  of  doing  this  is  shown  in 

V'llX^   1<).     TrianL:*h»s  :u"e  also  used  in  drawing  linos  at  an  an^le 

with  tin?  horizontal,  by  placiniif  tJiem  on  the  l)oard  Jis  shown  in 

IMJ^^  1 1.     Sni>j)os(»   tlni  lint*  K  K  (Fig.  1-)  is  drawn  at  any  anjle. 

and  we  wish  to  draw  a  line  through  the  point  P  parallel  to  it. 
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First  place  one  of  the  triangles  as  shown  at  A,  having  one  edge 
coinci<lii,g  with  the  given  line.  Now  take  the  other  triangle  and 
place  one  of  its  edges  in  contact  with  the  bottom  edge  of  triangle 
A.  Holding  the  triangle  B  firmly  with  the  left  hand  the  triangle 
A  may  l)e  slipped  along  to  the  right  or  to  the  left  until  the  edge 
of  the  triangle  reaches  the 
point  P.  The  line  M  N 
may  then  be  drawn  along 
the  edge  of  the  tiiangle 
passing  through  the  point 
P.  In  place  of  the  tri- 
angle B  any  straight  edge 
such  as  a  T-square  may  be 
used. 

A  line  can  be  drawn 
perpendicular  to  another  by  means  of*  the  triangles  as  follows. 
Let  E  F  (Fig.  13)  be  tlie  given  line,  and  suppose  we  wish  to 
draw  a  line  perpendicular^  to  E  F  through  the  point  I).  Place 
the   longest   side   of   one   of   the    triangles    so  that  it   coincides 

with  the  lina  E  F,  as  the 
triangle  is  shown  in  posi- 
tion at  A.  Place  the  other 
triangle  (or  any  straight 
*  edge)  in  the  position  of 
the  triangle  as  shown  at 
B,  one  edge  resting  against 
the  edge  of  the  triangle  A. 
Then  holding  B  with  the 
left  hand,  place  the  tri- 
angle A  in  the  position  shown  at  C,  so  that  the  longest  side 
passes  through  the  point  D.  A  line  can  then  be  drawn  through 
the  point  D  perpendicular  to  E  F. 

In  previous  figures  we  have  seen  how  lines  may  be  drawn 
making  angles  of  30,  45,  60  and  GO  degrees  with  the  horizontal. 
If  it  is  desired  to  draw  lines  forming  angles  '^f  1 '>  and  75  degrees 
the  triangles  may  be  placed  ;is  shown  in  Fig.  14. 

In  using  the  triangles  and  T-square  almost  any  line  may  be 
drawn.     Suppose  we  wish  to  draw  a  rectangle  having  one  side 
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hoiizontal.  First  place  the  T-square  as  shown  in  Fig.  15.  By 
moving  the  T-square  up  or  down,  the  sides  A  B  and  D  C  may  be 
drawn,  because  they  are  horizontal  and  pai^allel.  Now  place  one 
of  the  triangles  resting  on  the  T-square  as  shown  at  E,  and  hav- 
ing the  left-hand  edge  passing  through  the  point  D.     The  vertical 
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line  I)  A  may  be  drawn,  and  by  sliding  the  triangle  along  the  edge 
of  the  T-square  to  the  position  F  the  line  B  C  may  be  drawn  by 
using  the  same  edge.  These  positions  ai-e  shown  dotted  in  Fig.  15. 
If  the  rectangle  is  to  be  placed  in  some  other  position  on  ite 
drawing  l)oard,  {is  shown  in  Fig.  16,  place  the  45-degree  triangle 

F    so    that    one    edge    is 
parallel    to    or     coincides 
\Wth  the  side  I)  C.     Now 
holding  the  triangle  F  in 
position  place  the  triangle 
II  so  that  its  upper  edge 
coincides    with    the   lower 
edge    of    the    triangh'    F. 
By  holding  II  in  position 
and  sliding  the  triangle  F 
along  its  upper    edge,    the   sides    A  H   and    1)  ('   may  be  dniwn. 
To  draw  tin?  sides  A  I)  and  H  (/  the  triangle  should  l)e  used  as 
sliown  at  E. 

Compasses.  Com[)asses  are  used  for  drawing  circles  and 
arcs  of  circles.  They  are  made  of  various  materials  and  in  various 
sizes.  The  clieaper  class  of  instruments  are  made  of  brass,  hut 
they  are  unsatisfactory  on  account  of  tlie  odor  and  the  tendency 
to  tarnish.     The  best  mat<^rial  is  German  silver.     It  does  not  soil 
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readily,  it  lias  no  odor,  and  is  easy  to  keep  clean.  Aluminum  in- 
struments possess  the  advantage  of  lightness,  but  on  account  of 
the  soft  metal  they  do  not  wear  well. 

The  compasses  are  made  in  the  form  shown  in  Figs.  17  and 
18.  Pencil  and  pen  points  are  provided,  as  shown  in  Fig.  17. 
Either  i)cn  or  pencil  may  lye  inserted  in  one  leg  by  means  of  a 
shank  and  socket.  The 
otlier  leg  is  fitted  with  a 
needle  point  which  is 
I)laced  at  the  center  of  the 
circle.  In  most  instru- 
ments the  needle  point  is 
separate,  and  is  made  of  a 
piece  of  round  steel  wire 
having  a  square  shoulder 
at  one  or  both  ends.  Be- 
low this  shoulder  the  needle  point  projects.  The  needle  is 
made  in  this  form  so  that  the  hole  in  tlie  paper  may  be  very 
minute. 

In  some  instruments  lock  nuts  are  used  to    hold    the  joint 
firmly  in  position.     These  lock  nuts  are  thin  discs  of  steel,  with 

notches  for  using  a  wrench  or 
forked  key.  Fig.  19  shows  the 
detail  of  the  joint  of  high  grade 
instruments.  Both  legs  are  alike 
at  the  joint,  and  two  pivoted 
screws  are  inserted  in  the  yoke. 
This  permits  ample  movement 
of  the  legs,  and  at  the  same 
Pj     jQ^  tinijc    gives    the    proper    stiff- 

ness. The  flat  surface  of  one  of 
the  legs  is  faced  with  steel,  the  other  being  of  German  silver, 
in  order  that  the  rubbing  parts  may  be  of  different  nietals.  Small 
set  screws  are  used  to  prevent  the  pivoted  screws  from  turning 
in  the  yoke.  The  contact  surfaces  of  tliis  joint  are  made  cir- 
cular to  exclude  dust  and  dirt  and  to  prevent  rusting  of  the 
steel  face. 

Figs.  20,  21,  and  22  show  the  detail  of  the  socket;  in  some 
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instruments  tlie  sJiank  and  socket  are  pentagonal,  as  shown  in 
Fig.  20.  The  shank  entei-s  the  socket  loosely,  and  is  held  in  place 
by  means  of  the  screw.  Unless  used  very  carefully  this  arrange- 
ment is  not  durable  because  the  sharp  cornei*s  soon  wear,  and  the 
pressure  on  the  set  screw  is  not  sufficient  to  hold  the  shank  firmly 
in  place. 

In  Fig.  21  is  shown  another  form  of  shank.  This  is  round, 
liaving  a  flat  top.  A  set  screw  is  also  used  to  hold  this  in  posi- 
tion.    A  still  better  form  of  socket  is  shown  in  Fig.  22 ;  the  hole 
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is  made  tapered  and  is  circrlar.  The  sliank  lits  accurately,  aiul 
is  liehl  in  perfect  alignment  by  a  small  steel  key.  The  clamping 
screw  is  placed  upon  tlie  side,  and  keeps  the  two  portions  of  the 
split  socket  too^ether. 

Figs.  17  and  18  show  thiit  both  legs  of  the  compasses  ai-e 
jointed  in  order  tliat  the  lower  })art  of  the  legs  may  be  jxirpen- 
dicular  to  the  paper  while  drawing  circles.  In  this  way  the 
needle  point  makes  but  a  small  hole  in  the  paper,  and  both  nibs  of 
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the  pen  will  press  equally  on  the  paper.  In  pencilling  circles  ii 
is  not  as  necessary  that  the  pencil  should  be  kept  vertical;  it  is  a 
good  plan,  however,  to  learn  to  use  them  in  this  way  both  in  pen- 
cilling and  inking.  The  com- 
passes should  be  held  loosely  be- 
tween the  thumb  and  forefinger. 
If  the  needle  point  is  sharp,  as 
it  should  be,  only  a  slight  pres- 
sure will  be  required  to  keep  it 
ni  place.  While  drawing  the 
circle,  incline  the  compasses 
slisfhtlv  in  the  direction  of 
revolution  and  press  lightly  on 
the  pencil  or  pen. 

In  removing  the  pencil  or 
pen,    it    should  be   pulled    out  ^JK-  1^- 

straight.  If  bent  from  side  to  side  the  socket  will  become  en- 
larged and  the  shank  worn;  this  will  render  the  instrument  inac- 
curate. For  drawing  large  circles  the  lengthening  bar  shown  in 
Fig.  17  should  be   used.     When  using  the  lengthening  bar  the 
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Fig.  20. 


Fig.  21. 


needle   point  should  be   steadied  with    one  hand  and  the  circle 
described  with  the  other. 

Dividers.  Dividei-s,  shown  in  Fig.  23,  are  made  similar  to  the 
compasses.  They  are  used  for  laying  off  distances  on  the  draw- 
ing, either  from  scales  or  from  other  parts  of  the  drawing.     They 

-^  may  also  be  used  for  dividing  a  line 
■  rj  into  equal  parts.  When  dividing  a 
line  into  equal  parts  the  dividers 
should  be  turned  in  the  opposite  direc- 
tion each  time,  so  that  the  moving  point  passes  alternately  to 
the  right  and  to  the  left.  The  instrument  can  then  be  operated 
readily  with  one  hand.  The  points  of  the  dividei*s  should  be 
very  sharp  so  that  the  holes  made  in  the  paper  will  be  small 
If  large  holes  are  made  in  the  paper,  and  the  distances  betweec. 


E 


Fig.  22. 
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the  points  are  not  exact,  Mccurate  spacing  cannot  be  done 
Sometimes  tlie  compasses  are  furnished  with  steel  divider  points 
in  addition  to  the  i)en  and  pencil  points.  The  compasses  may 
then  be  used  either  as  dividers  or  tis  compasses.  Many  drafts- 
men use  a  needle  point  in  place  of  dividers  for  making  measure- 
ments from  a  scale.  Tlie  eve  end  of  a  needle  is  first  broken  off 
and  the  needle  then  forced  into  a  small  handle  made  of  a  round 
piece  of  soft  pine.  This  instrument  is  very  convenient 
for  indicating  the  intersection  of  lines  and  marking  off 
distances. 

Bow  Pen  and  Bow  Pencil.  Ordinary  large  compasses 
are  too  heavy  to  use  in  making  small  circles,  fillets,  etc 
The  leverage  of  the  h)ng  leg  is  so  great  that  it  is  very 
difficult  to  draw  small  circles  accumtely.  For  this  reason 
the  bow  compasses  shown  in  Figs.  24  and  25  should  l)e 
used  on  all  arcs  and  circles  having  a  mdius  of  less  than 
three-quarters  inch.  The  Ih)w  compasses  are  also  con- 
venient for  duplicating  small  circles  such  as  those  which 
i  represent  l)oiler  tubes,  bolt  holes,  etc.,  since  there  is  no 
tendency  to  slip. 

The    needle    point    must   be  adjusted    to    the    same 

haii^th  :is  tlhi  pt'P  or  pencil  point  if  very  small  cirelfs  are 

to  be  drawn.      riie  adjiistiiK'iit.  for  jiltering  the   radius  of 

tli(^  cir(^l(*  can  be  made  by  turnini^  llu?  nut.      If  the  chaii!/e 

ill  radius  is  consideiable  tlic  points  should  be  pressed  t(>- 

<^ether  to   remove   the   pressure;   from    tlie   nut   which  can 

,,.     ,..,    then  be  turned  in  either  direction  with  but  little  wear  on 

the  thrcMids. 

Fi(r.  2^\   shows  nnolher  bow  instrnnient  which  is  frcMiuentlv 

used  in  small  work  in  place  of  tin;  divi(l(M-s.      It  has  the  advantaj^e 

of  retaining  the  adjnstnuMit. 

Drawing^  Pen.  For  drawing;  straight  lines  and  curves  that 
are  not  arcs  of  circles,  i\u)  Vnm  pi*n  (sometinn^s  called  the  ruling 
pen)  i.->  used.  It  consists  of  two  lilades  of  steel  fastened  to  a 
liandle  as  shown  in  Fig.  27.  'Hie  distance  IxUween  the  pen  points 
can  be  adjusted  by  the  thumb  screw,  thus  regulating  the  width  of 
line  to  be  drawn.  The  blades  are  given  a  sliglit  curvature  so  that 
iheie  will  Ix)  a  cavity  for  ink  when  the  points  are  close  together. 


336 


MECHANICAL    DRAWING. 


17 


The  pen  may  be  filled  by  means  of  a  common  steel  pen  or 
with  the  quill  which  is  provided  with  some  liquid  inks.  The  pen 
should  not  be  dipped  in  the  ink  because  it  will  then  be  necessary 
to  wipe  the  outside  of  the  blades  before  use.  Tlie  ink  should 
fill  the  pen  to  a  height  of  about  J  or  |  inch ;  if  too  much  ink  is 
placed  in  the  pen  it  is  likely  to  drop  out  and  spoil  the  drawing. 
Upon  finishing  the  work  the  i)en  should  be  carefully  wiped  with 


Fig.  24, 


FiflT.  25. 


Fig.  26. 


chamois  or  a  soft  cloth,  because  most  liquid  inks  corrode  tlu^  steel. 
In  using  the  pen,  care  should  be  taken  that  both  blades  bear 
equally  on  the  paper.  If  the  points  do  not  l)ear  equally  the  line 
will  l)e  ragged.  If  both  points  touch,  and  the  pen  is  in  good 
condition  the  line  will  be  smooth.  The  pen  is  usually  inclined 
slightly  in  the  direction  in  which  the  line   is  dnvwn.     The  pen 


Fig.  27. 

should  towh  the  triangle  or  T-square  which  serve  Jis  guides,  but 
it  should  not  Im>  pressed  against  them  because  the  linos  will  then 
be  uneven.  The  points  of  the  pen  should  Ix*  close  to  the  e<lge  of 
the  tnangle  or  T-square,  but  should  not  touch  it. 

To    Sharpen  the  Draivi/tf/  Pen,        After  the  pen  has  been 
used  for  some  time  the  ix)iuts  become  worn,  and  it  is  impossible 
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to  make  smooth  lines.  This  is  especially  true  if  rough  paper  is 
used.  The  pen  can  be  put  in  proper  condition  by  sharpening  it. 
To  do  tills  take  a  small,  flat,  close-grained  oil-stone.  Tlie  bla<les 
should  firet  Ije  screwed  together,  and  the  points  of  the  pen  can  be 
given  the  proper  shape  by  drawing  the  pen  back  and  forth  over 
the  stone  changing  the  inclination  so  that  the  shape  of  the  emls 
will  be  pambolic.  This  process  dulls  the  points  but  gives  them 
tlie  pro[>er  shape,  and  makes  them  of  the  same  length. 

To  sharpen  the  pen,  sejiarate  the  points  slightly  and  rub  one 
of  them  on  the  oil-stone.  While  doing  this  keep  the  pen  at  an 
angle  of  from  10  to  15  degrees  with  the  face  of  the  stone,  and 
give  it  a  slicrht  twisting  movement.  This  part  of  the  operation 
requiies  great  care  as  the  sha|>e  of  tlie  ends  must  not  be  altei^ei 
After  the  jxmi  point  lias  become  fairly  sharp  the  other  point 
should  be  ground  in  the  same  manner.  All  the  grinding  should 
l>e  done  on  the  outsiJe  of  the  blades.  Tiie  burr  should  W 
removed  from  the  inside  of  the  blades  by  using  a  piece  of  leather 
or  a  piece  of  pine  woo<l. 

Ink  should  now  be  placed  between  the  blades  and  the  p^n 
tried.  The  lyen  should  make  a  sniootii  line  whether  fine  or 
heavy,  but  if  it  does  nt>t  the  grinding  must  be  continued  anij  the 
pen  tried  frequently. 

Ink.  liulia  ink  is  ;il\vavs  used  for  drawincf  as  it  makes  'a 
peniianent  black  line.  It  may  In*  i>urehaNed  in  solid  stick  form 
or  as  a  li([ui«l.  The  liquid  form  is  very  convenient  as  much  time 
is  saved,  and  all  the  lines  will  be  of  the  same  color;  the  aei'l  i» 
the  ink,  liowever,  corrodes  steel  anil  makes  it  necessary  to  keep 
the  pen  perfectly  clean. 

Some  draftsmen  })refer  to  use  the  India  ink  whicli  comes  in 
slick  form.  To  prepare  it  for  use,  a  little  water  should  K»  placed 
in  a  saucer  and  one  end  of  the  stick  placed  in  it.  The  i:ik  i> 
<jfround  by  <j:ivinf^  it  a  twistinLT  movement.  When  the  water  has 
])ecoiue  black  and  slijj^litlv  thickened,  it  should  l>e  tried.  A 
heavy  lint*  should  be  made  on  a  sheet  of  paper  and  allowed  to 
dry.  If  the  line  has  a  ij^rayish  appearance,  more  grinding  is 
iiecessarv.  After  the  ink  is  thick  enouirh  to  make  a  Lroo<l  black 
line,  the  grinding  should  cease,  Inn-ause  very  thick  ink  will  not 
How  freely  fron*.   the   pen.      If,  however,  the  ink  luis  Wcome  too 
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thick,  it  may  be  diluted  with  water.  After  using,  the  stick 
should  be  wiped  dry  to  prevent  cruinbUng.  It  is  well  to  grind 
the  ink  in  small  quantities  as  it  does  not  dissolve  readily  if  it  has 
once  become  dry.  If  the  ink  is  kept  covered  it  will  keep  for  two 
or  three  days. 

Scales.  Scales  are  used  for  obtaining  the  various  measure- 
ments on  drawings.  They  are  made  in  several  forms,  the  most 
convenient  l)eing  the  flat  with  beveled  edges  and  the  triangular. 
The  scale  is  usually  a  little  over  12  inches  long  and  is  graduated 
for  a  distance  of  12  inches.  The  triangular  scale  shown  in  Fig. 
28  has  six  surfa'^.es  for  graduations,  thus  allowing  many  gradua- 
tions on  the  same  scale. 

The  graduations  on  the  scales  are  arranged  so  that  the 
drawings  may  be  made  in  any  proportion  to  the  actual  size.  For 
mechanical  work,   the  common   divisious  are    multiples  of   two. 


Fiir.  28. 
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Thus  we  make  drawings  full  size,  half  size,  -],  ■^,  J^^,  g^,  ^,  etc. 
If  a  drawing  is  -^  size,  3  inches  equals  1  foot,  hence  3  inches  is 
divided  into  12  equal  parts  and  each  division  represents  one  incl). 
If  the  smallest  division  on  a  scale  represents  -^^  inch,  the  scale  is 
said  to  read  to  -^^  inch. 

Scales  are  often  divided  into  ^^^j,  ^V'  ^V'  1^(1'  ^^^">  ^^^  archi- 
tects, civil  engineers,  and  for  measuring  on  indicator  cards. 

The  scale  should  never  be  used  for  drawing  lines  in  place  of 
triangles  or  T-square. 

Protractor.  The  protractor  is  an  instrument  used  for  laying 
off  and  measuring  angles.  It  is  made  of  steel,  brass,  liorn  and 
paper.  If  made  of  metal  the  central  portion  is  cut  out  as  shown 
in  Fig.  29,  so  that  the  draftsman  can  see  the  drawing.  The 
outer  edge  is  divided  into  dei^rees  and  tenths  of  degrees.  Some- 
times the  graduations  are  very  line.  In  using  a  protractor  a  very 
sharp  hard  pencil  should  be  used  so  that  the  lines  will  be  fine 
and  accurate. 

The  protractor  should  be  placed  so  that  the  given  line  (  pro- 
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duced  if  necessaiy)  coincides  with  the  two  O  marks.  The 
center  of  the  circle  being  placed  at  the  point  through  which  the 
desired  line  is  to  be  drawn.  The  division  can  then  be  marked 
with  the  pencil  point  or  needle  point. 

Irregular  Curve,     One  of  the  conveniences  of  a  draftsmaDS 


Fig.  29. 

outfit  is  the  French  or  irregular  curve.  It  is  made  of  wood, 
hard  rubber  or  celluloid,  the  last  named  material  being  the  best 
It  is  made  in  various   shapes,  two  of   the  most   common   being 


Kig.  :iO. 

fihown  111  FiL^.  ')<K  This  instrument  is  usod  for  dmwing  curves 
other  than  arcs  of  circles,  and  lK>lh  j)encil  and  line  |>en  can  l)e 
used. 

To  draw  the  curve,  a  series  of  points  is  first  lociited  and 
then  the  curve  drawn  passing  throngli  them  by  using  the  part  of 
the  irregular  curve    that  ]>asRes  through  several  of   them.     The 
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curve  is  shifted  for  this  work  from  one  position  to  another.  It 
frequently  facilitates  the  work  and  improves  its  appearance  to 
draw  a  free  hand  pencil  curve  through  the  points  and  then  use  the 
irregular  curve,  taking  care  that  it  always  fits  at  least  three  points. 
In  inking  the  curve,  the  blades  of   the  pen  must    be  kept 


Fig.  31. 

tangent    to  the  curve,  thus  necessitating  a  continual    change  of 
direction.* 

Beam  Compasses.  The  ordinary  compasses  are  not  large 
enough  to  draw  circles  having  a  diameter  greater  than  about  8  or 
10  inches.  A  convenient  instrument  for  larger  circles  is  found 
in  the  beam  compasses  shown  in  Fig.  31.  The  two  parts  called 
channels  carrying  the  pen  or  pencil  and  the  needle  point  are 
clamped  to  a  wooden  beam  ;  the  distance  between  them  being 
etjual  to  ther.idiusof  the  circle.  Accurate  adjustment  is  obtained 
by  means  of  a  thumb  nut  underneath  one  of  the  channel  pieces. 

PLATES. 

Plates  I,  II  and  III  are  provided  to  give  practice  in  the  use 
of  the  drawing  instruments.  Drawing  paper  at  least  11  inches  by 
15  inches  should  be  used  to  allow  border  lines  10  inches  by  14 
inches.  First,  draw  carefully  in  pencil  and  then  ink  in.  Esj)ecial 
care  should  be  taken  as  to  cjuality  and  width  of  line,  intersections, 
and  the  joining  of  curved  and  straight  lines. 

These  are  followed  by  examples  for  lettering.  Plate  IV  should 
be  drawn  first  in  j)encil  and  then  in  ink. 


841 


m  _]5zoD-Pq: 


a                                                                                                      O       \     r- 

c: 

> 

r-    1    1~ 

Si    m 

MM 

iiil 
1  i 

B 

_i 

H-^ 



1 

\ 

^ 

1  Q. 
1  ° 

1  5 

k 

Ui  L.OI- 

J. 

CJ' 

ki 

!  r 
1 " 

B 

5 

<uu.ui-        5z                     F 

n 


Id 
CO 

cr 


o 


z 


Q 


CD 


O 


O 


o 


^ 


^ 


i 


> 


^ 


i 


5 
.5 


■%— ^-^      -v 


J 


A«TOR.  LFNOX   AND 
I     ILOEN  fOUNDAnON 


« 


MECHANICAL  DRAWBSia 

PART    II. 


PROJECTIONS. 

Orthos^phic  Projection  is  the  art  of  representing  an  object 
apon  two  planes,  at  right  angle.s  to  each  other,  by  lines  drawn 
from  all  points  on  the  edges  or  contour  perpendicular  to  these 
planes.  The  intersections  of  the  perpendiculars  with  the  planes 
g^ve  figures  which  are  called  projections  of  the  object. 

The  two  planes  are  called  planes  of  projectiotiy  or  coordinate 
planeiy  one  being  vertical  and  the  other  horizontal,  as  shown  in 
Fig.  1 .  These  planes  are  sometimes  designated  V  and  11  respec- 
tively. The  intersection  of  Vand  II  is  known  as  the  ground  line, 
or  G  L.     If  a  in  Fig.  1 

V 


is  a  point  in  space,  and 
a  perpendicular  is  drawn 
to  the  vertical  plane,  the 
point  a»  will  be  the  pro- 
jection of  the  point  on 
the  vertical  plane,  ond 
in  a  similar  way  a'*  will 
be  the  projection  of  a 
on  the  horizontal  plane. 
The  line  B  has  its  ver- 
tical projection  at  B'', 
and  its  horizontal  pro- 
jection at  B'^.     Instead 
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of  horizontal  projection  and  vertical  projection,  the  terms  plan 
and  elevation  are  commonly  used.  It  will  be  seen  from  the 
figure  that  the  plan  of  a  point  or  line  is  directly  underneath  on 
tlie  H  plane,  and  the  elevation  directly  behind  on  the  V  plane. 

Suppose  in  Fig.  2  a  cube  one  inch  on  a  side  be  placed  with 
the  top  horizontiil  and  the  front  face  parallel  to  the  vertical  plane. 
Then  the  plan  will  be  a  one-inch  square,  and  the  elevation  also  a 
one-inch  square.  In  general  the  plan  is  a  re[)resentation  of  the 
top  of  the  object,  and  the  elevation  a  view  of  i\n5  front.  The  plan 
then  is  a  top  view,  and  the  elevation  a  front  view.     Since  the 
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plan  is  directly  below  the  object,  and  the  elevation  directly  l)e- 
hind,  it  follows  that  in  actual  drawing  the  plan  must  be  vertically 
below  the  elevation,  point  for  point.  This  is  one  of  the  funda- 
mental principles  of  projection,  and  should  be  thoroughly  under- 
stood. 

The  projection  of  a  point  can  never  bo  anything  but  a  point. 
By  referring  to  Fig.  1  it  is  clear  that  the  height  of  a  ab*)ve  the 
horizontal  plane  is  equal  to  the  distance  of  a^  above  the  gi-ound 


ELEVATION 

•7\ 


line,  and  th<»  distaiKM*  of  a  in  front  of  the  vorticjil  plane  is  equal 
to  the  distance  of  a^^  in  front  of  the  ground  line.  Applying  tliis 
j)rinciple  to  Fii^.  15,  i\u*  point  represented  by  a^  and  a'*  must  U*  a 
point  ;|inch  above  II  and  1  incli  in  front  of  V. 

All  points  on  an  object  at  tlie  same  height  must  appear  in 
elevation  at  tlic  same  distance  above  the  ground  line.  If  nnni- 
bei-s  1,  2,  3  and  4  on  the  plan  indicate  the  top  cornei*s  of  the  cu1k\ 
th(*n  these  four  points,  being  at  the  same  height,  must  be  sliown 

in  elevation  at  the  same  height  and  at  the  top,  ^  and  g.  The  to[) 
of  the  eul>e,  1,  2,  3,  4,  is  shown  in  elevation  as  the  straight  line 
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J  —  g.     This  illustrates  the  fact  that  if  a  surface  is  perpendicular 

to  either  jdane  of  projection^  its  projection  on  that  plane  is  simply  a 
line ;  a  straight  line  if  the  surface  is  plancy  a  curved  line  if  the 
fiurface  is  curved.  From  the  same  figure  it  is  seeu  that  tlie  top 
edge  of  the  cube,  1  4,  has  for  its  projection  on  the  veitical  plane 


the  point  J,  the  principle  of  which  is  stated  in  this  way:  If  a 

straight  line  is  perpendicular  to  either  V  or  H,  its  projection  on 
that  plane  is  a  point,  and  on  the  other  plane  is  a  line  equal  in 
length  to  the  line  itself,  and  perpendicular  to  the  ground  line. 


Q 


Q 


Fig.  4. 

Fig.  4  is  given  as  an  exorcise  to  help  to  show  clearly  the 
idea  of  plan  and  elevation.  The  student  should  answer  the  fol- 
lowing question  for  himself:  Wliat  does  each  of  these  projections 
reDresent  ? 
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Suppose  in  Fig.  5,  that  it  is  desired  to  construct  the  pro- 
jections of  a  prism  1^  in.  square,  and  2  in.  long,  standing  on  one 
end  on  the  horizontal  plane,  two  of  its  faces  being  parallel  to  the 
vertical  plane.  In  the  first  place,  as  the  top  end  of  the  prism  is  a 
square,  the  top  view  or  plan  will  be  a  square  of  the  same  size, 
that  is,  1.]  in.  Then  since  the  prism  is  placed  parallel  to  and  in 
front  of  the  vertical  plane  the  plan,  1^  in.  square,  will  have  two 
edges  parallel  to  the  ground  line.     As  the  front  face  of  tlie  prism 
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is  parallel  to  the  vertical  plane  its  projection  on  V  will  be  a  rect- 
angle, equal  in  length  and  width  to  the  length  and  width  respec- 
tively of  the  prism,  and  as  the  prism  stands  with  its  base  on  H, 
the  elevation,  showing  height  above  H,  must  liave  its  base  on  the 
ground  line.  Observe  carefully  that  points  in  elevation  are  verti- 
cally over  corresponding  points  in  plan. 

The  second  drawing  in  Fig.  5  represents  a  prism  of  the  same 
size  lying  on  one  side  on  tlie  horizontid  plane,  and  with  the  ends 
parallel  to  V. 

Tlie  principles  which  have  been  used  thus  far  may  be  stated 
as  follows,  — 
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1.  If  a  line  or  point  is  on  either  plane,  its  other  projection 
must  be  in  the  ground  line. 

2.  Height  above  II  is  shown  in  elevation  as  height  above 
the  ground  line,  and  distance  in  front  of  the  vertical  plane  is  shown 
in  plan  as  distance  from  the  ground  line. 

3.  If  a  line  is  parallel  to  eitlier  plane,  its  actual  length  is 
shown  on  that  plane,  and  its  other  projection  is  pai*allel  to  the 
ground  line.  A  line  oblique  to  either  plane  has  its  projection  on 
that  plane  shorter  tliaa  the  line  itself,  and  its  other  projection 
oblique  to  the  ground  line.  No  projection  can  be  longer  than  the 
line  itself. 

4.  A  plane  surface  if  parallel  to  either  plane,  is  shown  on 
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Fig.  6. 


Pig.  7. 


that  plane  in  its  true  size  and  shape ;  if  oblique  it  is  shown 
smaller  than  the  true  size,  and  if  perpendicular  it  is  shown  as  a 
straight  line.  Lines  parallel  in  space  must  have  their  V  projec- 
tions parallel  to  each  other  and  also  their  H  projections. 

If  two  lines  intersect,  their  projections  must  cross,  since  the 
point  of  intersection  of  the  lines  is  a  point  on  both  lines,  and 
therefore  the  projections  of  this  point  must  \)e  on  the  projections 
of  both  lines,  or  at  their  intersection.  In  order  that  intersecting 
lines  may  be  represented,  the  vertical  projections  nmst  intei*sect 
in  a  point  vertically  above  the  intersection  of  the  horizontal  pro» 
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jections.  Thus  Fig.  6  represents  two  lines  which  do  intersect  as 
C^  crosses  D^at  a  point  vertically  fil)ove  the  intersection  of  C^  and 
D'*.  In  Fig.  7,  however,  tlie  lines  do  not  intersect  since  the  inters 
sections  of  tlieir  projections  do  not  lie  in  the  same  vertical  line. 

In  Fig.  8  is  given  the  plan  and  elevation  of  a  square  i>yramid 
standing  on  the  horizontal  plane.  The  height  of  the  pyramid  i> 
the  distance  A  B.  The  slanting  edges  of  the  pyramid,  A  C,  A  D, 
etc.,  must  be  all  of  the  same  length,  since  A  is  directly  above  the 

center.of  the  base.  What  this  length 
is,  however,  does  not  appear  in  either 
projection,  as  these  edges  ai'e  not 
parallel  to  either  V  or  H. 

Suppose  that  the  pymmid  be 
turned  around  into  the  dotted  posi- 
tion C,  I),  E,F,  where  the  horizontal 
projections  of  two  of  the  slanting 
edges,  A  C,  and  A  E,  are  pai*al1el  to 
the  ground  line.  These  two  edges, 
havijig  their  horizontal  projections 
parallel  to  the  ground  line,  are  now 
parallel  to  V,  and  therefore  their  new 
verticil  projeclions  will  show  their 
true  lengths.  The  base  of  the  pyra- 
mid is  still  on  11,  and  therefore  is 
projec^t^i'd  on  V  in  the  ground  line. 
The  apex  is  in  the  same  place  as  lie- 
fore,  hence  the  vertical  projection  of 
the  ]>yramid  in  its  new  position  is  shown  hy  the  dotted  lines.  The 
vertical  projiu-tion  A  (',*' is  tlie  trne  len*j^tli  of  edge  A  C-.  Now  if 
we  wish  to  find  simply  the  trne  lennflh  of  A  C,  it  is  unnecessaiy  to 
turn  the  whole  pyramid  around,  as  the  one  line  AC  will  l)e  sufficient. 
The  prinei[)le  of  iindini^  the  true  length  of  lines  is  this,  antk 
can  he  applied  to  any  ease  :  Swing  one  projection  of  tlie  line  j)ar- 
allel  to  the  trionnd  line,  nsin<x  <^iit*  <'J^d  jus  center.  On  the  other 
j)roj»*('tion  tlie  movinc;  end  remains  at  the  same  distance  from  the 
ground  line*,  and  of  course  vertically  above  or  below  the  same  end 
in  its  parallel  position.  This  new  projection  of  the  line  shows  its 
line  length.     See  the  three  Figures  at  the  top  of  page  9. 


aivol 


MECHANICAL  DRAWING. 


Third  plane  of  pro|ectloii  or  profile  plane.      A  plane  perpen- 
dicular to  both  co-ordinate  planes,  and  lience  to  the  ground  line,  is 


called  & projUe  plane.  This  plane  is  vertical  in  |>o»ition,  and  may 
be  used  as  a  plane  of  projection.  A  projection  on  the  proBle  plane 
is  called  a  profile  view,  or  end  view,  or  Bometimes  edge  view,  and 
is  often  required  in  machine  or  otiier  drawing  when  the  plan  and 
elevation  do  not  sufficiently  give  the  shape  and  dimensions. 

A  projection  on  thia  plane  is  found  in  the  same  way  as  on  the 
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from  points  on   the 


V  plane,  that   ts,  by  perpend iciikra 
object. 

Since,   however,  the   profile   plane   is   perpendicular  to  the 

groood  line,  it  wi)I  be  seen  from  tb«  front  and  top  stmpljr  w  % 
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strdiglit  line ;  in  order  that  the  size  and  shape  of  the  pi-ofile  view 
may  be  shown,  the  profile  plane  is  revolved  into  V  using  its  inter- 
section with  the  vertical  plane  as  the  axis. 

Given  in  Fig.  9,  the  line  A  B  by  its  two  projections  A*  B*'  and 
A'*  B'*,  and  given  also  the  profile  plane.  Now  by  projecting  the 
line  on  the  profile  by  perpendiculars,  the  points  A, •  B,''andB,'' A,'^ 
are  found.  Revolviiisr  the  profile  plane  hke  a  door  on  its  hinges,  al) 
points  in  the  plane  will  move  in  horizontal  circles,  so  the  horizontiil 
projections  A,'*  and  B,'*  will  move  in  arcs  of  circles  with  O  as  center 
to  the  ground  line,  and  the  vertical  projections  B,^  and  A,*'  will  move 
in  lines  parallel  to  the  ground  line  to  positions  directly  above  the 
revolved  points  in  the  ground  line,  giving  the  profile  view  of  the 
line  A^  B^.     Heights,  it  will  be  seen,  are  the  same  in  profile  view 

as  in  elevation.  By  referring  to 
the  rectangular  prism  in  the  same 
figure,  we  see  that  the  elevation 
gives  vertical  dimensions  and  those 
parallel  to  V,  while  the  end  view 
shows  vertical  dimensions  and 
those  perpendicular  to  V.  The 
profile  view  of  any  o])jeet  may  l)e 
found  iis  shown  for  the  line  A  B 
by  takinc^  one  point  at  a  time. 

In  Fig.  10  there  is  rcpre- 
sentcul  a  rectiingular  prism  or 
block,  whose  length  is  twice  the 
widtli.  The  elevation  shows  its 
height.  As  the  prism  is  placed  at 
an  angle,  tlirce  of  tlu^  vertical  edges  will  be  visible,  the  fourth 
oiK^  l)eing  invisil)le. 

In  mrclianical  drawinir  lines  or  edofes  which  are  invisible  are 
drawn  doffrtj.  Tlie  edi^'-es  wliicli  in  projection  form  a  i)art  of  the 
outline  or  contour  of  the  figure  must  always  be  visible,  hence 
always  full  li/ft's,  Th(5  ])lan  shows  what  lines  are  visible  in  eleva- 
tion,  and  the  elevation  determines  what  are  visible  in  plan.  In 
Fig.  10,  the  i)lan  shows  tliat  the  dotted  edge  A  B  is  the  back  edge, 
and  in  Fig.  11,  tlie  dotted  edge  ('  I)  is  found,  by  looking  at  the 
elevation,  to  be  the  lower  edge  of  the  triangular  prism.    In  general, 
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if  in  elevation  an  edge  projected  within  tlie  figure  is  a  back  edge, 
it  must  be  dotted,  and  in  plan  if  an  edge  projected  within  the 
outline  is  a  lower  edge  it  is  dotted. 

Fig.  12  is  a  circular  cylinder  with  the  length  vertical  and 


Fig.  11. 

with  a  hole  part  way  tlirough  as  shown  in  elevation.  Fig.  13  is 
plan,  elevation  and  end  view  of  a  triangular  prism  with  a  square 
hole  from  end  to  end.  The  plan  and  elevation  alone  would  be 
insufficient  to  determine  positively  the  shape  of  the  hole,  but  the 
end  view  shows  at  a  glance  that  it  is  square. 

In  Fig.  14  is  shown  plan  and  elevation  of  the  frustum  of  a 
square  pyramid,  pLiced  with  its  base  on  the  horizontal  plane.  If  the 
frustum  is  turned  through  30°,  as  shown  in  the  plan  of  Fig,  15, 
the  top  view  or  plan  must  still  be  the  same  shape  and  size,  and  fis 
the  frustum  has  not  been  raised  or  lowered,  the  heights  of  all 
points  must  appear  the  same  in  elevation  as  l)ef()re  in  Fig.  14. 
The  elevation  is  easily  found  by  projecting  points  up  from  the 
pLan,  and  projecting  the  height  of  the  top  horizontally  across  from 
the  first  elevation,  because  the  heirrht  does  not  change. 

The  same  principle  is  further  illnsti-ated  in  Figs.  16  and  17. 
The  elevation  of  Fig.  16  shows  a  square  prism  resting  on  one  edge, 
fMid  raised  up  at  an  angle  of  30^  on  the  right-hand  side.     The 


12 


MECHANICAL  DRAWING. 


plan  gives  the  width  or  thickness,  |  in.     Notice  that  the  length  of 
the  plan  is  greater  than  2  in.  and   that   varying  the  angle  at 


Fig.  12. 


Fig.  18. 


which  the  pripm  is  slanted  would  change  tlie  length  of  the  plan. 
Now  if  the  prism  be  turned  around  through  any  angle  with  the 
vertical  plane,  the  lower  edge  still  being  on  H,  and  the  inclination 


Fig.  14. 


Fig.  15. 


of  30^  with  H  remaining  the  same,  the  plan  must  remain  the  same 
size  and  shape. 

If  the  angle  through  which  the  prism  be  turned  is  45®,  we 
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have  the  second  plan,  exactly  the  same  shape  nnd  size  as  the  first 
Tlie  elevation  is  found  by  projecting  the  cornera  of  the  prisoi  ve? 


tically  np  to  the  heights  of  the  same  points  in  the  first  eleratioii. 
All  the  other  points  are  found  in  the  same  way  as  point  No.  1. 


Three  positions  of  a  rectangular  prism  are  shown  in  Fig.  17. 
Id  tlie  fint  view,  the  prism  stands  on  Itn  base,  its  axis  therefore 
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is  parallel  to  the  vertical  plane.  In  the  second  position,  the  axis  is 
still  parallel  to  V  and  one  corner  of  the  base  is  on  the  horizontal 
plane.  The  j)rism  has  been  turned  as  if  on  the  line  l'*  T' as  an 
axis,  so  that  the  inclination  of  all  the  faces  of  the  prism  to  the 
veitical  plane  remains  the  same  {is  before.  That  is,  if  in  the  fii*st 
figure  tlio  side  A  B  C  D  makes,  an  angle  of  30®  with  the  vertical, 
the  same  side  in  the  second  position  still  makes  30®  with  the  ver- 
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tical  plane.  Honce  the  elevation  of  No.  2  is  the  same  shape  and  size 
as  ill  the  first  case.  The  plan  is  found  by  projecting  the  cornei-s 
down  from  the  elevation  to  meet  horizontal  lines  projected  across 
from  the  corresponding  points  in  the  first  plan.  The  third  |)osi- 
tion  shows  the  prism  with  all  its  faces  and  edges  making  the  same 
angles  with  the  horizontal  as  in  the  second  position,  but  with  the 
plan  at  a  difTcrent  angle  with  the  ground  line.  The  plan  then  is 
the  same  shape  and  size  as  in  No.  2,  and  the  elevation  is  found  bv 
projecting  up  to  the  same  heights  as  shown  in  the  proceeding 
elevation.  This  [)rinciple  may  be  applied  to  any  solid,  whether 
bounded  by  plane  sui faces  or  curved. 

This  piineiple  as  far  as  it  relates  to  heights,  is  the  same  that 
was  used  for  profile  view^s.  An  end  view  is  sometimes  necessaiy 
before  the  plan  or  elevation  of  an  object  can  1)0  drawn.  Suppose 
ihat  in  Fig.  18  we  wish  to  draw  th(»  plan  and  elevation  of  a  tri- 
angular prism  3"  long,  the  end  of  which  is  an  equilateral  triangle 
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Fig.  19. 


1^  ^  on  each  side.     The  piism  is  lying  on  one  of  its  three  faces  on 
H,  and  inclined  toward  the  vertical  plane  at  an  angle  of  30°.    We 

are  able  to  draw  the  plan  at 
once,  because  the  width  will  be 
1|  inches,  and  the  top  edge  will 
be  projected  half  way  between 
the  other  two.  The  length  of 
the  prism  will  also  be  shown. 
Before  we  can  draw  the  elevation, 
we  must  find  the  height  of  the 
top  edge.  This  height,  however, 
must  be  equal  to  the  altitude  of 
tlie  triangle  forming  the  end  of 
the  prism.  All  that  is  necessary, 
then,  is  to  construct  an  equilat- 
eral triangle  1^  '^  on  each  side,  and  measure  its  altitude. 

A  very  convenient  way  to  do  this  is  shown  in  the  figure  hy 
laying  one  end  of  the  prism  down  on  H.  A  similar  construction 
is  shown  in  Fig.  19,  but  with  one  face  of  the  prism  on  V  instead 
of  on  H. 

In  all  the  work  thus  far  the  plan  has  l>een  drawn  below  and 
the  elevation  above.  This  order  is  sometimes  inverted  and  the 
plan  j)ut  above  the  elevation. 

PLATES. 

PLATE  V. 

The  plates  of  this  paper  should  be  laid  out  the  same  size  as 
the  plates  in  Part  I.  The  center  lines  and  border  lines  should  also 
be  drawn  as  shown. 

First  draw  two  ground  lines  across  the  sheet,  3  inches  below 
the  upper  border  line  and  3  inches  above  the  lower  border  line. 
The  first  problem  on  each  ground  line  is  to  be  placed  1  inch  from 
the  left  border  line  and  spaces  of  about  1  inch  should  be  left 
between  the  figures. 

Isolated  points  are  indicated  by  a  small  cross  x,  and  projec- 
tions of  lines  are  to  be  drawn  full  unless  invisible.  All  construc- 
tion lines  should  be  fine  dotted  lines.  Given  and  required  lines 
should  be  drawn  full. 
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Problems  on  upper  s^round  line; 

PROBLEM  1.  Locate  both  projections  of  a  point  on  the 
horizontal  plane  1  inch  from  the  vertical  plane. 

PROBLEM  2.  Draw  the  projections  of  a  line  2  inches 
long  which  is  parallel  to  the  vertical  plane  and  makes  an  angh^  of 
45  degrees  with  the  horizonti\l  and  slants  upward  to  the  riglit. 

The  line  should  be  1  inch  from  the  vertical  plane  and  the 
lower  end  J  inch  above  the  horizontal. 

PROBLEM  3.  Draw  the  projections  of  a  line  IJ  inches 
long,  whicli  is  parallel  to  both  planes  1  inch  above  the  horizontil 
and  I  inch  from  the  vertical. 

PROBLEM  4.  Draw  the  plan  and  elevation  of  a  line  2 
inches  long  wliich  is  parallel  to  H  and  makes  an  angle  of  30 
degrees  with  V.  Let  the  right-hand  end  of  the  line  l:e  the  end 
nearer  V,  -|  inch  from  V.     The  line  to  be  1  inch  above  H. 

PROBLEM  /).     Draw  the  plan  and  elevation  of  a  line  11 

at 

inches  long  whi'^h  is  perpendicular  to  the  liorizontal  plane  and  1 
inch  from  the  vertical.     The  lower  end  of  line  is  |  inch  above  H. 

PROBlE^NI  G.  Draw  the  projections  of  a  line  1  inch  long 
which  is  perpendicular  to  the  vertical  plane  and  1|  inch  above  the 
liorizontal.  The  end  of  the  line  nearer  V,  or  the  back  end,  is 
J  ii:ch  from  V. 

PR01)LEM  7.  Draw  two  projections  which  shall  repres^'ut 
a  line  oblique  to  both  planes.. 

Note  :  Leave  1  inch  Ix^tween  this  figui-e  and  the  right-hand 
border  line. 

Problems  on  lower  ground  line. 

PROBLEM  8.  Draw  the  projections  of  two  pirallel  lines 
each  1}/  inches  long.  The  lines  aie  to  be  parallel  to  the  vertical 
plane  and  make  angles  of  GO  degrees  with  the  horizontal.  Tiie 
l')wer  end  of  each  line  is  t  inch  above  H.  The  right-hand  end  of 
the  right-hand  line  is  to  he  2^  inehes  from  the  left-hand  margin. 

PROBLEM  9.  Draw  the  projections  of  two  parallel  lines 
each  2  inch(»s  long.  Both  lines  to  l)e  parallel  to  the  horizontal 
and  make  an  aiii^lo  of  30  dej^^rees  with  the  vertical.  The  lowei 
line  to  be  J  inch  above  II  and  one  end  of  one  line  to  be  against  V. 

PROBLEM  10.  Draw  the  projections  of  two  intersecting 
lines.     One  2  inches  loi.g  to  be  parallel  to  both  planes  1   inch 
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above  H  and  J  inch  from  the  vertical,  and  the  other  to  be  oblique 
to  both  phines  and  of  any  desired  length. 

PROBLEM  11.  Draw  plan  and  elevation  of  a  prism  1  inch 
square  and  1^  inches  long.  The  prism  to  have  one  side  on  the 
horizontal  plane  and  the  long  edges  perpendicular  to  V.  The 
back  end  of  the  prism  is  -J  inch  from  the  vertical  pUme. 

PROBLEM  12.  Draw  plan  and  elevation  of  a  prism  the 
same  size  as  given  above,  but  with  the  long  edges  parallel  to  both 
planes,  the  lower  face  of  prism  parallel  to  H  and  ^  inch  above  it. 
The  back  face  to  be  |^  inch  from  V. 

PLATE  VI. 

The  ground  line  is  to  be  in  the  middle  of  the  sheet,  and  the 
location  and  dimensions  of  the  figures  are  to  be  as  given.  The 
first  figure  shows  a  rectangular  block  with  a  rectangular  hole  cut 
through  from  front  to  back.  The  other  two  figures  represent  the 
same  block  in  different  positions.  The  second  figure  is  the  end  or 
profile  projection  of  the  block.  The  same  face  is  on  H  in  all 
thi-ee  positions.  Be  careful  not  to  omit  the  shade  lines,  and  tr^ 
to  see  why  each  one  is  put  on. 

PLATE  VIL 

Three  ground  lines  are  to  be  used  on  this  plate,  two  at  the 
left,  4^"  long  and  3"  from  top  and  bottom  margin  lines,  and  one 
at  the  right,  half  way  between  the  top  and  bottom  margins,  9^*^ 
long. 

The  figures  1,  2,  3  and  4  are  examples  for  finding  the  true 
lengths  of  the  lines.  Begin  No.  1  |'^  from  the  border,  the  vertical 
projection  ll*'  long,  one  end  on  the  ground  line,  and  inclined  at 
30**.  The  horizontal  projection  has  one  end  ^ "  from  V  and  the 
other  l^"  from  V.  Find  the  true  length  of  the  line  by  com^^let- 
ing  the  constiTiction  commenced  by  swinging  the  arc,  as  shown  in 
the  figure. 

Locate  the  left-hand  end  of  No.  2  3'^  from  the  border,  1*^ 
above  H  and  |"  from  V.  Extend  the  vertical  i)rojection  to  the 
ground  line  at  an  angle  of  45°,  and  make  the  horizontal  i)rojection 
at  30**.  -Complete  tlic  construction  for  tiuc  length  as  ccmmenced 
)n  the  ficruie. 
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In  figures  8  and  4  the  true  lengths  are  to  be  found  by  com« 
pleting  the  revolutions  indicated.  The  left-hand  end  of  Fig.  3  is 
^"  from  the  margin,  l^^''  from  V  and  l^"  above  H.  The  hoi-izon 
tal  projection  makes  an  angle  of  60°  and  extends  to  the  ground 
line,  and  the  vertical  projection  is  inclined  at  45*^. 

The  fourth  figure  is  S*'  from  the  border  and  represents  a  line 
in  a  profile  plane  connecting  points  a  and  J.  a  is  1^*^  above  U 
and  I"  from  V,  and  h  is  ^^  above  H  and  l^''  from  V. 

The  figures  for  the  middle  ground  line  represent  a  pentagonal 
pyramid  in  three  positions.  The  first  position  is  the  pyramid  witl; 
the  axis  vertical  and  base  ^^  above  the  horizontal.  The  height 
of  pyramid  is  2  J"  and  the  diameter  of  the  circle  circumscribed 
about  the  base  is  2^.  The  center  of  the  circle  is  6*^  from  the 
left  margin  and  1|"  from  V.     Spaces  l)etween  figures  to  be  J*. 

In  the  second  figure  the  pyramid  has  been  revolved  about  the 
right-hand  corner  of  the  base  as  an  axis  through  an  angle  of  15**. 
The  axis  of  the  pyramid,  shown  dotted,  is  therefore  at  75®,  Tlie 
method  of  obtaining  76®  and  15®  with  the  triangles  was  shown  in 
Part  I.  From  the  way  in  which  the  pyramid  lias  been  revolved, 
all  angles  \\ith  V  must  remain  the  same  as  in  the  fii'st  position, 
hence  the  vertical  i>rojection  will  be  the  same  shape  and  size  as 
before.  The  points  on  the  i)lan  are  found  on  T-square  lines 
through  the  corners  of  the  first  plan  and  directly  beneath  the 
points  in  elevation.  In  the  third  position  the  pyramid  has  l>een 
swung  around  about  a  vertical  line  through  the  apex  as  axis 
through  30°.  The  angle  with  the  horizontal  plane  remains  the 
same,  consequently  the  plan  is  the  same  size  and  shape  as  in  the 
second  position,  but  at  a  different  angle  with  the  ground  line. 
Heights  of  all  points  of  the  pyramid  have  not  changed  this  time, 
and  hence  are  projectted  across  from  the  second  elevation. 
Shade  lines  are  to  be  put  on  between  the  light  and  daik  surfiiced 
as  determined  by  the  45°  triangle. 
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MECHANICAL  DRAWING. 

PAKT  III. 


WORKING  DRAWINQl 

In  Median k's I  Drawing  I'arta  I  and  11,  instrameuiit  and 
materials  are  deecnbed  and  some  Lints  given  regarding  the  use  vt 
coiiiiAsms,  line  pen,  trinngles,  T-square,  etc.  In  addition,  thegen- 
tTal  jirinciples  iipoit  which  all  Mechanical  Drawing  dej)ends,  are 
explftioed.  After  completing  this  work  the  student  should  be  able 
to  draw  neatly  and  accurately  and  apply  the  fundamental  principJea, 
Lt!t  »B  now  taijy  up  the  subject  of  working  drawings  and  see 
how  tlie  principles  of  orthographic  pi-ojection  are  made  of  practical 
use.  We  shall  see,  as  wo  go  on,  that  to  a  great  extent  the  theoreti- 
cal principlea  already  learned  in  the  study  of  projections  are  used 
in  practical  working  shop  drawings.  Kevertheiess,  there  are  cer- 
tain inatancea  in  which  actual  practice  differs  slightly  from  the 
theory. 

We  shall  also  find  that  all  dmftsmen  do  not  follow  the  same 
customs  in  the  matter  of  minor  details,  but  that  in  many  cases 
there  are  several  ways  of  representing  objects,  all  of  which  may  bo 
equally  correct,  one  draftsman  using  one  method  either  because  ho 
prefers  it  or  because  it  best  serves  tho  purpose  for  which  his  par- 
ticular work  ia  being  done,  while  another  draftsman  uses  a  differ- 
ent method.  Tlie  more  important  principles  and  customs,  however, 
retty  well  established. 
I  A  study  of  the  subject  of  working  drawings  shonld,  first, 
1  U8  the  methods  of  the  best  drafting  rooms;  second,  should 
train  our  juilgment  to  decide  how  best  to  represent  the  particular 
object  which  we  have  to  draw;  third,  should  train  onr  hand  aud 
eye  to  make  a  clear,  nesit  and  weli-exocuted  drawing,  without 
unnecessary  expenditure  of  time- 
Definition  of  Working  Drawing.  A  working  drawing  of  any 
object  is  a  drawing  which  comjjletely  describes  the  object  in  every 
particalar,  showing  its  form,  sixe,  material,  finish,  and  all  other 
details,  so  that  a  workman  may  take  the  drawing  and  without  any 
further  instructions  make  the  obji-ct  exactly  as  the  draftsman  in- 
lendcd  it  to  be  itiade.  The  drawing  is,  therefore,  a  sort  of  lau- 
[e,  by  which  the  man  who  designs  the  object  describes  it  to  the 
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man  wlio  18  to  make  it.  Fig.  1  shows  tlie  working  drawing  of  a 
bell  crank  lever.  The  drawing  itself  shows  the  shape  and  the 
dimensions  show  the  size. 

.  Aside  from  drawings  of  buildings,  etc.,  that  is  Architectural 
drawings,  the  greater  part  of  the  working  drawings  which  are 
made  are  for  machines,  and  we  will  consider  chiefly  the  latter,  or, 
as  they  are  called,  machine  drawings.  These  drawings  are  almost 
always  orthograj)hic  projections,  as  this  is  by  far  the  easiest  and 
best  way  to  represent  a  machine  or  a  part  of  a  machine.     Some- 
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time.^,  M'lien  it  is  drsiriMl  to  tj^ivo  a  sort  of  bird's-eye  view  of  a 
niacliine,  an  isometric  or  an  oblique  j)rojection  is  made,  but  this 
method  involves  so  nuieh  lal)()r  that  it  is  seldom  used. 

Lines.  Tii  order  to  make  a  drawing  perfectly  clear,  and  to 
avoid  confusing  one  line  witli  another,  dilTerent  kinds  of  lines  are 
used  for  dillerent  j)ur]>os«'s.  Fig.  2  shows  the  six  most  common 
kinds  nsed.  T\\r  oi'diiiMi-y  /*////  /////.v  ;uv  use<l  to*  n^present  visible 
lines  of  tlie  object  wliieli  is  lu'im*'  drawn. 
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Tlie  invisible  lines  are  used  to  represent  lines  of  the  object 
which  would  be  hidden  from  sight  if  a  person  looked  in  the  direc- 
tion in  which  he  imagines  himself  to  be  looking  while  he  is 
drawing  it. 

The  use  of  the  shade  lines  will  be  explained  later. 

Center  lines  are  used  to  connect  different  views  of  an  object, 
tlie  line  being  drawn  through  the  center  of  the  piece  and  extend- 
ing through  both  views.  Locations  of  holes  are  usually  shown  by 
having  two  center  lines  drawn  at  right  angles  to  each  other 
through  their  centers,  and  the  position  of  these  center  lines  located. 
Wherever  a  dimension  is  to  be  given  to  the  center  of  a  piece  a 
center  line  is  drawn  through  the  piece  and  the  dimension  given 
to  this  line. 
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FiK.    2. 

Extension  lines  are  sometimes  used  to  connect  two  views  of  a 
piece,  but,  wherever  it  is  possible  to  use  a  center  line,  instead,  the 
latter  is  preferable.  The  principal  use  of  extension  lines  is,  as  tlie 
name  implies,  to  extend  the  lines  of  tlie  object  so  as  to  give 
dimensions  between  them. 

Dimension  lines  are  used  in  giving  dimensions  from  one  line 
or  point  to  another. 

The  ordinary  lines  and  the  invisible  lines  sliould  l)e  made  of 
the  same  width;  the  sliade  lines  sliould  be  made  considerably 
heavier,  and  the  center  lines,  extension  lines  and  dimension  lines 
should  be  lighter. 

Location  of  Views.  In  our  jireceding  study  of  jirojections 
we   imagined  our  object  to  be  held  in  the  ancrle  formed  by  two 
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planes  which  intersect  at  right  angles,  tlie  planes  and  the  object 
being  supposed  to  be  in  the  position  represented  in  Fig.  3,tlie 
horizontal]  plane  H  being 
below  the  oliject,  and  the 
vertical  plane  V  being  be- 
side the  object.  We  then 
projected  down  to  tlie 
horizontal  pkne  and  repre- 
sented there  tlm  object  as 
it  would  appear  if  seen 
squarely  in  the  direction 
indicated  by  arrow  A,  We 
next  pn>jected  into  tht 
vertical  plane,  and  repre- 
sented the  object  as  it 
would  api)eai-  if  the  line  of  vision  took  the  direction  of  the  arrow 
B.  Our  planes,  with  the  horizontal  and  vertical  ptnjections  of  tbe 
object  on  them,  when  liiid  out  flat,  as  a  slieet  of  paijer  is  when  we 
actually  draw  on  it,  would  appear 
as  in  Fig.  4,  the  horizontjil  jirojec- 
tion,  or  ti>p  view,  luring  underneath 
the  verticiil  ju-ojei^.tion,  or  side 
view.  This  is  the  pnicticc  fol- 
lowed by  some  diaflsincn  iu  mak- 
ing working  dntwings.  Many  of 
the  liest  dniftsmi'ii,  however,  think 
that  it  is  not  as  cleui'  and  convrn- 
ieut  to  liiive  thu  top  view  of  tin; 
iiliject  uudunieiith  the  side  view, 
hut  that  it  is  better  to  hiive  the 
view  of  the  top  aliove  the  other 
view.  Consequently,  it  is  liecom- 
ing  more  and  mon?  ii  gein'r;il  cus- 
tom to  su}(|)OKc  the  plant's  to  lie 
tninspurent  luul  U\  he  located  with 
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,  when  the  two  planes  are  laid  oat 


through  the  transparent  plane  in  the  direction  indicated  by  arrow 
C,  and  on  the  V  plane  the  object  as  it  appears  when  looking  in 
direction  of  arrow  D.  No 
flat,  the  top  view  is  above 
die  Bide  view,  as  in  Fig.  6. 
Another  way  of  show- 
ing this  is  to  suppose  the 
object  to  be  located  in  a 
transparent  box,  and  that 
we  look  at  it  from  the  top 
and  the  various  sides  of 
the  bos,  and  draw  on  these 
sides  the  object  as  it  ap- 
pears from  tliatside.  Tiien, 
if  the  sides  of  the  box  are 
hud  out  flat,  the  side  view 
will  come  in  the  middle,  with  the  top  view  abore,  the  view  of 
the  l»ottom  underneath,  tlie  view  of  the  rightrhand  side  on  the 
right,  and  the  view  of  the  left-hand 
side  on  the  left. 

From  now  on,  in  our  work  on 
drawing,  we  shall  follow  tliis 
rule. 

Cross-sections.  Very  often 
it  occura  that  a  piece  is  hollow  and 
the  inside  constiuction  is  move  or 
less  complicated,  so  that  if  in  the 
drawing  the  outside  view  is  shown, 
with  the  invisible  interior  dcawn 
in  dotted  lines,  the  latter  aie  so 
confused  that  the  drawing  is  not 
easily  understood.  For  this  reason 
it  is  often  convenient  to  imagine 
the  piece  to  be  cut  open,  and  to 
draw  it  as  if  we  were  looking  directly  at  the  inside.  Such 
a  drawing  of  a  piece  is  called  a  cross-section  of  the  piece.  The 
material  which  must  be  cut  if  tlie  object  weie  actually  split 
o|>eu  is  then  crosshatched,  different  kinds  uf  crossliatchiiig  heiiiif 
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used  for  different  materials.     Fig.   7    shows  the  kinds  of  cross- 
liatching  in  ordiimry  use. 

Fig,  8  sliows  ti  pliin  and  eleviition  of  a  simple  piece  with  a 
hole  through  it,  the  hole  being  shown  in  tlie  elevation  by  dotted 
lines.  Fig.  9  shows  a  plan  and  a  c:ro3s-Hection  of  the  same  piece, 
the  cross-section  being  drawn  as  if  we  were  looking  in  tlie  same 
dii-ection  as  in  the  elevation  of  Fig.  8,  but  in  Fig^  0  the  front 
half  is  supposed  to  }>e  cut  away  and  wc  are  looking  at  tlie  insida 
of  the  biick  half.     It  will  he  observed  that  even   on   a  piece  as 


simiilc  as  the  one  hiTi;  shown,  Ihe  shape  of  the  inti-rior  is  nnicli 
clrai'cr  from  fh.:  <rr>ss-sc'rli.in  than  from  llif  elevation,  and  on  a 
more  coiniiliratiid  ]iii>i'i>  the  same  will  l.i;  (rue  to  a  mcHti-r  exli-iit. 

It  should  hi^  hnnu'  in  mind  that  ordinarily  iu  making  a  rn.ss- 
flei-tioii  w.-  sliiiw  not  only  Ihi-si-  pails  of  thi^  ohjwt  wbicii  lie  in 
the  phuie  In  wiiirh  il.  is  Mi|.,,ns.'<l  lo  be  eiit,  Init  also  all  whieh  lie 
bick  of  that  plan.'. 

Sometimes  it  is  de<inihle  In  sIlow  the  inside  and  llie  outside 
of  a  piece  on  liie  saiLie  vlrw  I'l;;.  10  sliows  the  same  pieee  as  in 
V\.^.  S.  hut.  in  j'i-  !0  Die  lefl-liarid  half  of  the  lower  view  is  an 
elevation  and  iIh>  vi-hl-liand  half  is  a  eross-seetioii,  the  section  and 
the  I'levation  eaeh  ext.'ndin.i:;  lo  the  renter  and  being  Re|)ai-.Ued  by 
ji  eenter  liru'.  'I'liis  is  as  if  (.n.M|iiartrr  of  it  were  cut  awav,  the 
cuts  being  made  along  the  lines  ('  A  and  C  H  of  the  plan  view. 

Of  coiiise  this  eoinbitnitinn  of  an  elevation  and  cross-section 
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can  be  used  only  when  the  right-hand  and  left-hand  halves  of  the 
|)it*ee  are  alike. 

Shade  Lines.  In  order  to  make  drawings  easier  to  read,  and 
to  make  the  parts  of  the  object  stand  out  more  clearly,  shade  lines 
are  often  put  on  the  drawing.  The  general  principle  which 
determines  what  lines  shall  be  shade  lines  is  the  same  as  that 
which  governs  shade  lines  already  studied  under  the  subject  of 
projections.  If,  however,  this  theoretical  principle  were  to  be 
followed  out  exactly  on  drawings  of  machines,  and  other  compli- 
cated drawings,  it  would  involve  a  great  deal  of  time  and  labor. 


Fig.    8. 


Kiir. 


9 


Consequently,  most  draftsmen  place  shade  lines  on  all  lines  which 
represent  lower  and  right-hand  edges  if  these  edges  are  sharp. 

The  contour  lines  of  cylinders,  cones  and  other  rounded  sur- 
faces should  not  be  shade  lines,  although  some  draftsmen  shade  them. 
If  the  cylinder  is  drawn  in  cross-section,  however,  the  edge  should 
be  shaded,  as  the  intei-section  of  the  ])lane  and  cylindrical  surface 
IS  a  sharp  edge. 

All  views  are  shaded  alike,  and  l)oth  are  shaded  as  though 
they  were  elevations.     The  ray  of  light  is  supposed  to  come  ovei 
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WORKING  DRAWINGS 

Meclianiciil  Drawing  I'arfa  I  and  U,  inetrumeuis  sjid 
muterials  ara  described  and  some  hints  given  regarding  the  iiee  vt 
C'oiii[iasBeB,  line  jieu,  triangles,  T-eqimre,  etc,  Ju  addition,  the  gen- 
eral principUs  upon  which  all  ilwhanical  Drawing  depends,  are 
ttxplained.  After  cotnplutiug  this  work  the  etndent  ehould  be  able 
to  draw  neatly  and  accurately  and  apply  the  fundamental  priocijiles. 

I^t  U8  HOW  take  up  tLo  aubjeet  of  working  drawings  and  sue 
how  the  priuciplea  of  orlhograijliic  pi-o  jection  aro  made  of  practioil 
use.  "W'e  shall  see,  as  we  gi»  on,  that  to  a  great  extent  the  theoreti- 
cal  principlea  already  learned  in  the  etiidy  of  projections  are  used 
in  practical  working  shop  drawings.  [Nevc-rtheleas,  there  are  cer- 
tain inetances  in  which  actual  practice  differs  slightly  from  the 
theory. 

We  shall  also  find  that  all  draftsmen  do  not  follow  the  same 
customs  in  the  mattt'r  of  minor  details,  but  that  in  many  cases 
there  are  several  ways  of  representing  objects,  all  of  which  may  bu 
etjnally  correct,  one  draftsman  neing  one  method  either  because  ho 
prefers  it  or  because  it  best  serves  the  purpose  for  which  his  par- 
ticular work  is  being  done,  while  another  draftsman  uses  a  differ, 
ent  method.  The  more  im[)ortant  principles  and  customs,  however, 
aro  pretty  well  established. 

A  study  of  the  subject  of  working  drawings  should,  first, 
t<!ach  us  the  metho<:la  of  tho  be-st  drafting  rooms;  second,  should 
train  onr  judgment  to  docide  how  best  to  represent  the  particular 
object  which  we  have  to  draw;  third,  should  train  onr  hand  and 
eye  to  make  a  clear,  neat  and  well-executed  drawing,  without 
annecessary  expenditure  of  time. 

Definitioa  of  Working  Drawing.  A  working  drawing  of  any 
object  \s  a  drawing  which  completely  describes  the  object  in  evt-ry 
particular,  showing  its  form,  size,  material,  finish,  and  all  ottier 
details,  so  that  a  workman  may  take  the  drawing  and  without  any 
further  instructions  make  the  object  exactly  as  the  draftsman  in- 
Ii'udud  it  to  be  made.     The  drawing  is,  therefore,  a  sort  of  lan- 

),  by  which  thu  man  who  designs  the  object  describes  it  to  thg 
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man  wlio  ia  to  make  it.  Fig.  1  shows  the  working  drawin<r  uf  a 
bell  crank  luver.  The  drawing  itself  shows  the  shape  and  the 
dimensions  show  the  size. 

.  Aside  from  dra'Tings  of  buildings,  etc.,  that  is  Architectural 
drawings,  the  greater  part  of  the  working  drawings  which  are 
made  are  fur  machines,  and  we  will  consider  chiedy  the  latter,  or, 
as  tbi'y  are  called,  machine  drawings.  These  drawings  are  almost 
always  oi'thograj)hic  jirojectious,  as  this  is  by  far  the  easiest  and 
bost  way  to  represent  a  inachiuo  or  a  part  of  a  machine.     Some- 
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The  invisible  liiies  are  used  to  represent  lines  of  the  object 
wliich  would  be  liidden  from  sight  if  a  person  looked  in  the  direc- 
tion in  which  he  imagines  himself  to  be  looking  while  he  is 
drawing  it. 

The  use  of  the  shade  lines  will  be  explained  later. 

Center  lines  are  used  to  connect  diffeient  views  of  an  object, 
the  line  l)eing  drawn  through  the  center  of  the  piece  and  extend- 
ing through  both  views.  Locations  of  holes  are  usually  shown  by 
having  two  center  lines  drawn  at  right  angles  to  each  other 
through  their  centers,  and  the  position  of  these  center  lines  located. 
Wherever  a  dimension  is  to  be  given  to  the  center  of  a  piece  a 
center  line  is  drawn  through  the  piece  and  the  dimension  given 
to  this  line. 


PULL  LINKS 


INVISIBLE  LINB8 
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Extension  lines  are  sometimes  used  to  connect  two  views  of  a 
piece,  but,  wherever  it  is  possible  to  use  a  center  line,  instead,  the 
latter  is  preferable.  The  principal  use  of  extension  lines  is,  as  the 
name  implies,  to  extend  the  lines  of  the  object  so  as  to  give 
dimensions  between  them. 

Dimension  lines  are  used  in  giving  dimensions  from  one  line 
or  point  to  another. 

The  ordinary  lines  and  the  invisible  lines  should  be  made  of 
the  same  width;  the  shade  lines  should  be  made  considerably 
lieavier,  and  the  center  lines,  extension  lines  and  dimension  lines 
should  be  lighter. 

Location  of  Views.  In  our  ])recedino;  study  of  projections 
we  imagined  our  object  to  be  held  in  the  ancrle  formed  by  two 
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center  line  circle  throup^h  their  centers  and  giving  the  diameter  of 
this  circle,  and  if  no  other  dimension  than  this  is  given  for  the 
h)cati()n  of  the  holes,  it  is  understood  that  they  are  equally  sjwced 
around  this  circle.  Fig.  21  illustrates  this.  If  the  holes  are  not 
e(iually  spaced  around  the  circle,  they  may  be  located  as  shown  in 
Fig.  22. 

Diameters  of  circles,  and  of  arcs  of  circles  which  are  greater 
than  semicircles,  should  be  given  leather  than  radii,  but  if  the  arc 
of  th(^  circle  is  less  than  a  semicircle,  its  radius  should  be  given. 

Fig.  23  allows  how  tlii^i 
should  be  done  when 
the  radius  is  large 
enough  to  permit;  but 
if  the  radius  is  .small, 
or  the  dimensions  would 
interfere  with  other 
parts  of  the  drawinjj,  it 
may  be  done  as  in 
Fig.  24. 

In  Fig.  2H  a  small 
circle  is  dmwn  (fret* 
hand)  around  theccnbT 
about  which  the  an*  is 
drawn,  and  a  dimension 
line  carried  from  llu* 
edge  of  this  circle  to  the 
arc ;  an  arrowhead  bring 
placed  on  the  arc,  an«l 
the  figures  placed  in  tin* 
dimension  line  in  ihi* 
usual  way.  In  this  cax' 
it  is  not  necessary  to  j'ut 


r^IcO 


Fv'.  '3). 


the  h'ttor  K  (ahhrcviation  for  radius)  jifter  the  dimension.  In 
tJK^  two  mt'ihoHs  shown  in  Fig.  24  th(^  II  should  l>e  placed  after 
the  iiiTurcs. 

In  putting  (linicnsions  on  a  drawing,  the  figures  sliouM  hv 
placed  to  read  from  only  two  sides  of  the  paper,  usually  fn»m  the 
bottom  for  dimension  lines  which  are  horizontiil,  as  the  21'  dimen- 
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■ion  in  Fig.  20,  and  from  tlie  right  hand  for  dimension  lines  which 
are  vertic^il,  as  the  2|'  dimension  in  the  same  figure.  Dimensions 
should  never   be  placed  on  center  lines  if  it  can  he   avoided. 

If  a  dimension  la  given  in  one  view  of  an  ohject,  the  name 
dimension  need  not  be  repeated  in  the  other  views. 

in  patting  oo  fractions  it  ia  better  to  have  the  line  which 


Ftg.  21, 


Ftg.  22. 
divides  the  numerator  and  denominator  of  the  fraction  extend  Id 
the  same  direction  as  the  dimension  line  rather  than  at  an  angle; 
that  is,  the  fraction  would  appear  thus,  ^,  rather  than  ^/j. 

Finished  Surfaces.     Since  a  working  drawing  ia  not  only  to 


/ 


■^ 


Fig.  2;J.  Slg.  24. 

show  the  shape  and  size  of  the  object  which  it  represents,  bnt  is 
to  describe  it  completely,  it  is  essential  that  there  should  he  some 
means  of  distinguishing  between  the  surfaces  of  the  ohject  which 
are  to  be  left  rough  as  they  come  from  the  forge  or  from  the 
fonndry,  and  the  surfaces  which  are  to  be  finished.     Any  surface 
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which  has  been  smoothed  off  in  a  lathe,  planer,  or  any  machine 
tool,  or  has  been  filed  or  scraped,  is  called  a  finished  surface,  and 
is  indicated  on  a  drawing  by  a  letter  placed  on  the  edge  view  of 
this  surface.  In  Fig.  19  the  whole  of  the  cylindrical  part  is 
finished,  also  the  top  of  the  rectangular  part.  The  holes  are  also 
finished.  The  student  should  notice  carefully  how  the  finish 
marks  are  used  to  indicate  this  fact. 

If  a  piece  is  to  be  finished  all  over,  it  should  be  marked  "/ 
all  over.'*  If  it  is  desired  to  specify  what  kind  of  finish  is  to  be 
put  on  a  surface,  that  is,  whether  rough  turned,  smooth  turned, 
filed,  scraped,  etc.,  a  note  may  be  made  to  that  effect. 

On  some  conspicuous  place  on  the  drawing  the  words  "/ 
means  finish"  should  be  printed,  so  that  there  maybe  no  mis- 
understanding on  the  part  of  a  person  examining  the  drawing. 

Material.  The  material  of  which  the  piece  is  to  be  made 
should  be  indicated  plainly.  If  any  part  of  the  drawing  is  a 
cross-section,  the  crosshatching  might  show  the  material,  provided 
that  in  some  conspicuous  part  of  the  drawing  a  sample  of  the 
crosshatching  is  shown  and  the  material  which  it  represents  is 
stated.  It  is  better,  however,  to  mark  on  or  near  each  piece,  in 
plain  letters,  the  material  of  which  it  is  to  be  made. 

Conventional  Methods.  In  drafting,  as  in  many  other  kinds 
of  work,  all  unnecessary  labor  should  be  avoided.  The  drawing 
should  give  the  instructions  clearly,  but  need  not  bo  so  elaborate 
as  to  re(|uire  unnecessary  time  in  the  execution.  It  frequently 
lui])pens  that  if  an  exact  drawing  were  made  representing  every 
line  of  tlie  object,  a  j^reat  deal  of  time  would  be  required.  Accord- 
ino;]yj  if  tliere  is  any  way  of  representing  an  object  by  a  few  lines 
only,  without  sacrilicing  clearness,  it  should  be  used.  There  are 
many  details  such  as  screw  threads,  springs,  bolls,  etc.,  which  occur 
so  fre(|uently  on  nearly  all  drawings  that  easy  methods  of  reprt*- 
sentation  have  been  universally  adopted.  In  some  cases,  these 
ways  of  representing  objects  are  ap])roximationsof  the  exact  draw- 
inj^s  and  in  other  cases  thev  are  not.  Such  methods  are  called 
conventional  methods,  or  conventions.  For  some  details  there  is 
more  than  one  convention,  but  the  same  convention  should  not  be 
used  for  two  different  things,  nor  should  several  objects  of  the 
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same  kind  on  the  samo  drawing  be  represented  convenlionally  by 
two  (litterent  methodB. 

Screw  Threads.  The  exact  drawing  of  screw  threads  is  a  diffi- 
cult part  of  iin'<ih.iTiical  drawing.  Imt  enough  nttentiiiii  will  he  given 
it  litre  ti)  cnahle  llie  student  to  make  a  simple  working  drawirjg 
vLich  iDcInilea  threads.  The  comntou  conventional  way  of  draw- 
itig  a  thread  ia  bLowo  in  Figs,  25,  2l>  and  27,  Fig.  25  being  a 
•ungle  right-hand  thread,  and  Fig.  26  a  double  right-hand  thr^. 


F  EB 


FEB 


First,  tho  plain  cylindrical  piece  ABCD  is  drawn  as  if  there  were 
no  threads  upon  it.  The  thread  is  then  indicated  by  the  lines  EO, 
FH,  etc.,  with  the  shorter  and  heavier  lines  between.  The  lighter 
lines  are  all  parallel  and  the  same  distanci;  apart.  This  distance  is 
not  necessarily  the  same  as  the  actual  pitch  of  the  thread  on  the 
Bcrew  itself,  bot  is  usually  -j'^  inch  or  J  inch  on  drawings  of  com- 
mon eizes  of  holta.  The  heavy  lines  are  [jarallel  to  the  lighter 
onts  and  midway  between  them.  The  angle 
which  the  lines  make  with  the  center  line  of 
the  screw  depends  on  the  distance  apart  of 
the  lines,  the  Blant  being  ench  IliiH  fur  a 
single  thread.  Fig,  25,  a  lino  perpendicular 
to  the  center  line  throngh  one  end  of  one  of 
the  lighter  lines,  as  E,  will  strike  the  oppo- 
Eite  contour  of  the  screw  DC,  at  a  point  K,  '^' 

which  is  half  way  between  C  and  II.  To  draw  the  lines  so  that 
Ihcy  will  have  this  slant,  choose  the  distance  FE,  which  is  to  rep- 
resent the  pitch,  and  space  it  off  on  either  of  the  contour  linee, 
,  starting  anywln-rc  (in  tin-  fignj-e  tlie  starting  jiuint  K  is 
f  of  the  distance  FE  away  from   B).     Next,  draw  KK  per. 
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pendicular  to  the  center  line,  thus  finding  point  K,  and  start  tbe 
spacing  on  the  contour  CD  at  a  distance  either  side  of  K  equal 
to  *  FE. 

The  lighter  lines  can  thus  be  drawn  and  the  heavy  lines  put 
in  parallel  and  half  way  between.  The  heavy  lines  should  be  a 
little  shorter  than  the  others,  and,  for  the  sake  of  neatness,  all 
should  be  of  the  same  length.  The  double  thread,  Fig.  26,  is 
drawn  similarly  to  the  single  thread,  except  that  the  slant  is  such 
that  the  perpendicular  through  £  will  pass  through  H« 

After  a  little  practice  the  student  can  draw  the  threads  in  this 
way  with  his  triangles,  getting  the  proper  slant  and  the  angle 
spacing  by  eye,  without  the  necessity  of  measuring;  he  should 
practice  with  this  end  in  view,  for  threads  occur  so  frequently  on 
drawings  that  the  draftsman  must  be  able  to  draw  them  rapidly. 


Fig.  2a 

Notice  should  be  taken  of  the  fact  that  if  the  page  be  hel<l  so 
that  tlio  center  lines  of  the  screws  in  Figs.  25  and  20  are  vertical, 
tlio  lines  which  represent  the  threads  slant  downward  from  right 
to  left.  If  the  thread  is  left-handed  the  lines  slant  from  left  to 
riirht,  as  in  Ficr.  27. 

In  case  of  a  long  screw  a  few  threads  may  be  represented  at 
each  end  and  dotted  lines  carried  the  rest  of  the  way,  as  in  Fig.  2s. 

On  any  drawing  of  a  screw  which  is  intended  for  a  working 
drawing,  the  pitch  of  the  thread,  or  more  commonly  the  number 
of  threads  for  an  inch  of  length  should  be  specified;  when  the 
thread  be  standard,  it  is  not  always  necessary  to  specify.  Even  in 
that  case  it  is  well  to  state  the  fact  that  the  thread  is  standard.  In 
giving  the  number  of  threads  per  inch  it  maybe  abbreviated,  thus 
V2  THDS,  or  12  Til.   Examples  of  this  will  occur  in  what  follo^^^. 

Threaded  Holes  and  Invisible  Threads.  Fiff.  29  shows  a 
piece  with  a  threaded  hole  in  it.  The  hole  is  represented  in  tho 
side  view  by  the  four  parallel  dotted  lines.  The  distance  aj^art  of 
the  two  outer  lines  is  equal  to  the  diameter  of  the  piece  which  is 
to  be  screwed  into  the  hole.     The  inner  lines  are  at  a  distance  from 
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Fig.  29. 


the  outer  approximately  <^qual  to  the  depth  of  the  thread.     In  the 

plan  view  of  the  piece,  (that  is,  the  view  looking  at  the  end  of  the 

hole)  the  hole  is  shown  by  a  full 

circle  of  a  diameter  equal  to  the 

distance  apart  of  the  inner  dotted 

lines  of  the  other  view,  and  around 

this  full  circle  a  dotted  circle  whose 

diameter  is  equal  to  the  diameter 

of  the  bolt;  or,   in   other  words, 

equal  to  the  distance  apart  of  the 

outer  dotted  straight  lines.     The 

dimension  might  be  given  on  either 

view.     In  the  figure  it  is  given  on 

the   side   view.       In    giving   the 

diameter  of  a  threaded  hole,  the 

diameter  of  the  piece  which  is  to  be 

screwed   into  the  hole  is   always 

given.     In  Fig.  29,  the  number  of  threads  per  inch  is  not  stated, 

and  in  this  case  it  would  be  understood  to  be  stpndard.     Fig.  30 

shows  another  way  of  dimensioning  a  tapped  hole,  which  is  satis- 

factory  and  convenient. 

Fig.  31  shows  the  side  view 
of  the  same  piece  as  Fig.  29, 
with  a  part  of  the  screw  inserted 
in  the  hole.  Attention  is  called 
-  to  the  fact  that  where  the  screw 
is  hidden  as  it  goes  through  the 
hole  the  thread  is  not  shown, 
the  parallel  dotted  lines  repre- 
senting the  thread  in  the  same 
manner  as  when  the  hole  had  no 
screw  in  it.  Another  point  to 
be  noted  is  that  the  cross-hatch- 
incr  of  tlio  broken  ends  for 
wrought  iron  is  similar  to  the 
representation    of    the     screw 

thread  and  one  must  learn  to   judge   when  tlie  light  and  heavy 

lines  mean  a  thread  and  when  they  are  cross-hatching. 


Fig.  30. 
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Threads  in  Sectional  Pieces.  Figs.  32,  33  and  34  illiutnte 
the  common  method  of  representing  threads  when  they  occni  on 
piecea  which  are  drawn  in  croSB-Bection.  Fig.  32  is  the  same 
piece  as  Fig.  29,  shown  croes-sectioned.  The  front  half  of  the 
piece  is  supposed  to  be  removed 
and  we  are  looking  at  the  back 
half.  Now  the  thread  on  the 
back  side  of  a.  screw  slants  the 
opposite  way  from  what  it  does 
on  the  front  side,  and  of  coarse 
tlie  same  ia  trne  of  the  threiad  in 
a  tapped  hole.  ConBeqnentlj, 
since  it  is  the  back  side  of  the 
bole  which  is  seen,  the  slant  of 
the  lines  which  represent  tht 
thread  is  opposite  to  the  direc- 
tion tiiey  would  have  were  vt 
looking  at  the  front  side  of  thi; 
screw  which  goes  into  tlie  hole.  We  have  just  learned  that  for  a 
right-handed  tliread  on  a  et-rew  the  lines  slant  downward  from 
right  to  left,  and  therefore  for  a  right-banded  thread  seen  on  thi? 
Imek  Piile  of  a  tap|)cd  hole,  the  lines  will  slant  downward  fmiri 
left  to  riglit.  In  other  w..nU.  for  a  ■  iglit-haiided  thread  iu  a  Iwle 
wliit'h  eonies  in  a  orosH-Hwtioti,  the  liiies  slant  the  same  as  they 
wonMontlie  fmnt  of  a  left-liand 
thread  on  a  holt:  and  for  a  left- 
band  thi^end  in  a  Eeetionedhole,  "^^ 
lie  E^lant  is  the  e-niue  as  for  a 
rij^lit-liand  thread  on  a  bolt. 

Fig.  33  is  a  iiiece  which  has 
a  t;imM>tb  hole  throngU  it  and  a  l''ig-  32. 

tlm-ad  on  tlie  ontriide.  Il.-re  tlio  entire  thread  ia  invisihh',  except 
at  tlie  eontonr  of  the  cylimler,  niid  must  bo  indieated  hv  tlw 
notches.  These  are  drawn  by  .-^Jiaeing  olf  the  distance  which  is 
nsed  for  ihe  jiilch  and  from  the  points  ihn.-i  funnd  drawing  Hues 
with  the  triangle  which  nt.-ike  an  angle  of  (111  degrees  with  the  axis 
of  the  cylinder.  Var  a  single  thread  ihe  notches  on  one  side  have 
their  outer  jioints  o]i]iusite  the   inner  points  of  the  notches  on  tlie 
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other  side.     For  a  double  thread  the  notches  are  directly  opposite 
each  other. 

Fig.  34  shows  two  ways  of  quarter- sectioning  a  threaded 
piece,  the  only  difference  being  that  on  one  the  contour  of  the 
sectional  part  is  drawn  a  straight  line,  while  on  the  other  the 
contour  is  notched.  Either  one  may  be  used.  The  straight 
contour  can,  of  course,  be  drawn  much  more  quickly  and  in  places 
where  there  is  no  danger  of  sacrificing  clearness  it  should  be  used 
for  that  reason.  If  the  drawing  is  somewhat  complicated,  so  that 
without  the  notches  it  might  not  be  quite  clear  that  the  piece  was 
threaded,  the  notches  should  be  used. 


Fig.  33. 


Fig.  Si. 


As  has  already  been  suggested,  the  student  will  doubtless 
find  many  other  customs  in  the  mattei  of  drawing  threads  which 
are  quite  as  good  as  the  above.  These  have  been  given  as  ones 
which  are  common,  and  easily  drawn.  As  a  matter  of  convenience 
the  following  tables  are  given,  which  show  the  number  of  threads 
per  inch  on  some  of  the  most  common  sizes  of  bolts,  according  to 
the  standard  adopted  by  the  United  States  Government,  and  the 
Whitworth  or  English  standard. 

UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

Diameter 

Threads 

Diameter 

Threads 

of  Bolt. 

per  Inch. 

of  Bolt. 

per  Inch. 

of  Bolt. 

per  Inch. 

i 

20 

5 

8 

11 

1 

n 

6 

1 J 

18 

i 

10 

n 

6 

1 

16 

7. 
8 

9 

n 

5J 

A 

14 

1 

8 

^ 
4 

5 

i 

13 

n 

7 

5 

A 

12 

u 

7 

2 

ii 
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WHITWORTH  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

of  Bolt 

per  Inch. 

jt 

20 
18 

f 

16 

•A 

U 

i 

12 

tV 

12 

Diameter 
of  Bolt 


1 


Threads 
per  Inch. 


11 

10 
9 

8 

7 

7 


Diameter 
of  Bolt 


Threads 
per  Inch. 


Bolts  and  Nuts,  ^mong  the  most  common  pieces  of  ma* 
chinerj  are  bolts  and  nuts,  and  the  draftsman  has  frequent  occasion 
to  draw  them.  Fig.  35  is  a  conventional  drawing  of  a  ^-inch  bolt 
with  a  hexagonal  head  and  nut.  This  figure  shows  the  dimensions 
necessary  to  be  given  in  order  that  a  workman  shall* be  able  to 
make  the  bolt  from  the  drawing. 


ri- 


^ 


< 


T 


Beginning  with  the  head  of  the  bolt,  let  us  study  the  various 
parts  of  this  drawing  in  detail.  The  head  is  a  hexagonal  prism  the 
end  of  which  has  been  chamfered.  We  might  expect  that  two 
views  of  the  head  would  be  necessary  to  completely  define  its  shaj)e, 
but  the  letters  HEX  printed  after  the  dimension  for  the  diameter 
of  the  head  irdicates  that  it  is  hexagonal.  In  like  manner,  if  the 
head  were  square  the  letters  SQ  would  be  placed  after  the  dimen- 
sion. If  two  views  were  drawn,  they  would  appear  as  in  Fig.  36 
The  head  is  drawn  as  if  the  tool  which  cut  the  chamfer,  cut  off  just 
the  corners  of  the  top,  so  as  to  make  the  top  a  circle  tangent  to  the 
sides  of  the  hexagon  at  B,  E,  (I,  etc.;  the  parts  BCE,  EFG,  etc.. 
being  portions  of  a  cone  or  sphere  according  to  the  manner  of 
chamfering.    The  curves  ABC  and  CEF  are  tangent  to  the  line 
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Fig.  3a. 


GK  in  the  side  view,  and  the  lines  AJ,  CD,  and  FII  are  all  equal 
in  length.  The  curves  ABO  and  CEF  are  properly  the  lines 
of  intersection  of  a  cone  or  sphere,  as  the  case  may  be,  with  the 
hexagonal  prism,  but  a  convenient  and  suflSciently  accurate  way  of 
drawing  them  is  by  arcs  of  circles  with  the  center  on  the  line  HJ, 
half  way  between  HD  and 
DJ,  as  indicated.  Thecham- 
fer  is  represented  in  the  end 
view  by  a  circle  inscribed  in 
the  hexagon. 

It  will  be  noticed  that  in 
Fig.  35  that  view  of  the  head 
is  given  which  shows  two 
faces  of  the  prism,  so  that 
the  shortest  dimensibn  of  the 
hexagon  is  given.  That  is^ 
the  view  is  taken  in  the  direction  of  the  arrow  L,  Fig.  36,  instead 
of  in  the  direction  of  the  arrow  M. 

This  rule  should  be  followed  on  all  detail  drawings.  The  case 
when  it  is  desirable  to  give  a  view  in  the  direction  of  the  arrow  M 
will  be  discussed  later. 

Sometimes  it  is  desired 
to  represent  the  chamfer  as 
being  greater,  as  in  Fig.  37. 
To  do  this,  draw  the  end  view 
D  of  the  hexagon  and  iubide 
it,  of  a  diameter  as  much 
smaller  as  desired,  draw  the 
circle  PNLO.  Next  draw 
the  side  view  of  the  hexa- 
gonal prism  as  if  there  were 
no  chamfer,  as  shown  at  the  right  (partly  in  dotted  lines).  Then 
from  P  and  L,  the  upper  and  lower  points  of  the  circle  in  the 
other  view,  draw  lines  perpendicular  to  US  and  meeting  it  at  P 
and  L.  From  P  and  L  draw  PG  and  LK,  either  at  an  angle  of 
45  degrees  or  30  degrees  (the  latter  being  preferable)  with  RS, 
and  meeting  the  lines  BH  and  SJ  at  G  and  K.  Join  G  and  K 
by  a  construction  line  GK  (shown  dotted  but  not  to  be  left  in  the 
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Fig.  as. 


finished  drawing).     Draw  the  area  ABC  and  CEF  with  center oi 
line  UJ  as  shown,  and  tangent  to  6K« 

Tier.  38  shows  the  proper  way  of  representing  the  head  which 
was  shown  in  Fig.  36  if  the  view  is  taken  in  the  direction  of  the 
arrow  M.  The  dotted  constmction  lines  show  how  the  widths  are 
obtained.  Fig.  39  shows  the  corresponding  view  of  the  head 
shown  in  Fig.  37.     The  radius  with  which  the  middle  are  repre- 

sentinor  the  chamfer  is  drawn  in 
these  two  figures   is   apparent 
Various  rules  are  given  for  find- 
ing a  radius  for  small  ares,  bat 
they  can  be  found  near  enough 
by  trial,  after  a  little  experience. 
The  line  TV,  Fig.  39,  to  which 
the  tops  of  the  arcs  are  tangent, 
is  drawn  parallel  to  RS  and  at  a 
distance  from  it  equal  to  EG  in 
Tier.  37. 
The  nut,  Fig.  ?>"),  is  drawn  in  exactly  the  same  way  as  the 
head,  so  that  \vli:it  lias  just  bet^n  said  will  apply  equally  well  to 
the  nut.     Tlie  hulo  in  tlio  nut  is  indicated  by  the  four  parallel 
dotted  liiit'S  as  exiiliiiuMl  for  Fin-.  2iK 

Tilt-*  shank  of  tlio  bolt  is  represented  with  the  tliread  upon  it 
as  explaine<l  above  for  conventional  threads.  The  point  is  drawn 
chamfered  a  little  in  the  fitrure, 
so  that  it  appears  as  the  frustum 
of  a  cone.  Bolts  often  have 
round  points,  in  which  case  they  T  / 
would  bo  shown  as  in  Fi^r.  40. 
The  lines  which  rej)resent  the 
tliread  should  not  cross  the  line 
which  iS  drawn  si|uare  acHK-s 
the  bolt  to  indicate  when?  the 
chamfer  t»r  the  r(p.Midin<»'  of  the 
j^oint  begins. 

I'ig.  1 1  .-liow  -  ihi«M'  \  lews  of  <i  s(jnare  lu^a<l  oi*  nut  with  cham- 
fer coi're-itondiin'"  to  lli.it  on  the  lu'xac'onal  heat!  in  Fit^  i\i\:  and 
Fig.  4*J  shows  the  s<|uare  head  or  nut  chamfered  to  correspond  to 
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Fig.  37.  Referring  first  to  Fig.  41  the  arc  on  the  side  view  which 
shows  the  short  diameter  of  the  nut  is  drawn  with  a  radius  A, 
equal  to  two  and  one-quarter  times  the  diameter  of  the  bolt  on 
which  the  head  or  nut  belongs.  The  arcs  on  the  other  side  view 
are  drawn  with  a  radius  B,  equal  to  one-half  of  A.  The  lines  EF 
are  drawn  from  points  E  tangent  to  the  arcs,  and 
it  will  be  found  that  the  points  of  tangency  will 
come  almost  at  the  points  where  the  arcs  cut  the 
lines  CD.  Points  E  are  found  by  projecting  from 
the  plan  view  as  indicated  by  the  dotted  lines.  In 
Fig.  42,  the  construction  is  similar.  The  points  N  are  first  found 
by  projecting  from  the  top  and  bottom  of  the  circle  in  the  plan 
view;  then  the  lines  NL  are  drawn  making  angles  of  30  degrees 
with  line  NN.  (The  proportions  for  the  radii  which  are  given, 
hold  good  only  when  the  angle  of  30  degrees  is  used).  Next  draw 
the  construction  line  LL  and  draw  the  are  tangent  to  it  with  a 


Fig.  4a 
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Fig.  41. 

radius  A  equal  to  two  and  one -quarter  times  the  diameter  of  the 
bolt,  the  same  as  in  Fig.  41.  To  draw  the  chamfer  in  the  other 
side  view,  draw  the  construction  line  parallel  to  and  at  a  distance 
from  CC  eaual  to  the  distance  LL  from  KN  and  draw  the  arcs 


891 


2fi 


MECHANICAL  DRAWING 


tanffent  to  tliis  line  with  radius  B  equ^l  to  one-lialf  of  A.  The 
lilies  EK  ar<j  then  drawn  as  explained  for  Tig.  41. 

Kaferring  again  to  Fig.  35,  tiie  dimensioQ  which  shows  ths 
length  of  the  bolt  voder  the  head  should  be  given  to  the  extreme 
point  of  the  bolt,  as  should  also  the  dimeasion  which  shows  Son 
much  of  the  bolt  is  threaded. 

Must  of  the  bolts  in  common  use  are  made  of  standard  eizea; 
that  is,  for  a  certain  diameter  of  bolt  there  is  a  corresponding 
standard  diameter  and  thickneBB  for  the  head  and  the  nut,  andi 
standard  number  of  threads  per  inch,  so  that  if  the  bolt  which  tlie 


Fig.  42. 

■!tft-;niiiii  wi.^lu's  t"  iisf  liiifl  llicMo  stiindiird  diniensions  tiiey  nuiy 
-  <>niit1i-il  ri'ciiii  tli<>  •Iriiwiii^r  jukI  a  nolo  made  tliat  the  Imll  i-' 
iirnlaiil.  Tlii'ii  tlif  uiiiy  (iiiin'iisioiis  necessary  to  In-  givi-ii  arfllu' 
uMifltT.  tl.,'  li'iij:t]i  u.i>i.'-r  till'  lifa.i.  and  the  length  of  the  thre:uir.l 
irl. 


Til.-  ri>IK)wiittf  tul.li-s  jrive  III.'  rnitf<]  States  atandiird  t^m-^  i>f 
ixgnure  ami  h.'\N<^.in:.l  liemis  kihI  mils  for  lx>]ts.  Tliu  eoluinns 
Iu'a.l.ii  ■■  Wi.hli  .>f  Nut  ••  and  •■  Wi.illi  of  Head  "  give  the  shoriest 
dimension  of  the  s(|iiare  or  lit-Mi^un.  that  is,  the  diameter  uf  tlie 
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inscribed  circle.    The  standard  number  of  threads  per  inch  can  be 
found  from  the  table  already  given. 

SQUARE  BOLT  HEADS.   U.  S.  STANDARD  (Franklin  Institute). 
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HEXAGON  BOLT  HEADS.  U.  S.  STANDARD  (Franklin  Institute). 
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SQUARE  AND  HEXAGON  NUTS.     U.  S.  STANDARD 

(Franklin  institute). 
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Pipes  and  Pipe  Threads.  The  viirioiis  kinds  of  pipe  in  com- 
mon  use  are  niailti  to  etaudard  sizes,  aud  as  tbo  draftsman  v^rv 
often  cxHuea  iu  contact  witli  piping  we  will  consider  it  briefly. 
The  kinds  moat  often  iiswi  aria  -wronght-iron  or  steel  Jiipc,  brase 
pipe  made  to  tbe  Eize  of  wiwight-iron  pipe,  and  cast-iron  pipe_ 
The  cast-iron  pipe  ia  made  of  ditlLTout  wi'lglits  and  form,  accord- 
ing to  the  purpose  for  which  it  ia  to  be  ust-d.  Standanl  weight 
iron  iji[w  in  rated  liy  its  iioiiiinal  inside  diameter,  although  the 
sctnal  diaiuetur  does  not  in  moat  caxes  quite  agree  with  the  nom- 
iiiul  diameter,  A  ^-inch  pipe  is  a 
pipe,  the  hole  in  which  is  eiip. 
[Kisi'il  to  bo  ^  iiicli  in  diameter, 
but  if  carefnlly  meanured  it  will 
be  found  to  be  a  few  hundredths 
of  an  inch  larger. 

The  threads  on  pipes  and  pips 
Sittings  are  also  made  to  standard; 
taps  and  dies  are  made  for  varioos 
sizes  of  pipe.  These  taps  and  dies 
are  spoken  of  or  described  by  stat- 
ing the  size  of  the  pipe  for  which 
they  are  intended  For  example, 
a  J-inch  pipe-tap  ia  a  tap  of  the 
projKT  size,  shape,  and  number  of 
threads  per  inch  to  cut  the  thread 
in  a  hole  to  receive  a  J-inch  pipe. 
Threaded  lioles  are  made  tapering  for  pipes,  tlie  standard  taper 
being  ^  inch  per  foot,  that  is,  the  diameter  oE  the  hole  decreases 
at  the  rate  of  |  inch  per  foot.  In  representing  a  hole  which  is 
threaded  with  a  pipe  tap,  the  hole  is  drawn  of  a  diameter  at  its 
larger  end  about  equal  to  the  outsidu  diameter  of  the  pipe  which 
is  to  be  screwed  into  it,  and  is  drawn  ta{>ering.  It  is  well  to  make 
the  taper  considerably  greater  than  the  actual  taper,  so  that  the 
person  looking  at  the  drawing  may  see  at  a  glance  that  the  hole  ia 
for  a  pi]>e. 

The  thread  is  indicated  in  one  of  the  conventional  wayfl 
previously  explained,  but  the  number  of  threads  per  inch  and  the 
diameter  of  the  hole  need  not  Jw  given;  instead,  a  note  is  made 
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that  the  bole  is  tapped  for  a  certain  size  pipe.     Fig.  43  illustrates 
this. 

The  following  tables  of  standards  for  wronght-iron  pipe  mav 
be  found  convenient: 

STANDARD  SIZES  OF  WROUGHT  IRON  PIPE. 


Nominal  Size. 
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1 

1 
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Actual  In»ide 
Diameter. 

.21 
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1 
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Diameter. 
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3.50 

4.00 
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STANDARD  THREADS  FOR  WROUGHT  IRON  PIPE. 
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Size  of  Pipe. 
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Scale  Drawings.  When  the  object  which  is  to  be  drawn  is 
not  so  large  but  that  it  can  be  easily  actual  size,  or  full  size  as  it 
is  called,  on  a  sheet  of  pa|)er  which  is  of  convenient  dimensions, 
it  is  well,  nsnally,  to  draw  the  piece  full  size.  In  most  cases, 
however,  the  machine,  or  the  building,  or  whatever  is  to  be  drawn 
is  so  large  that  it  would  be  impossible  to  draw  it  full  size.  Then 
the  drawing  is  made  to  some  reduced  scale,  that  is,  all  the  di- 
mensions are  drawn  smaller  than  the  actual  dimensions  of  the 
object  itself;  all  dimensions  being  reduced  in  the  same  ])roportion. 
For  example,  if  a  piece  is  to  be  drawn  half  size,  the  distance  from 
one  point  to  another  on  the  drawing  would  be  one-half  what  it  is 
on  the  piece  itself;  if  the  drawing  is  one-fourth  size,  the  distance 
on  the  drawing  would  be  one-fourtli  wliat  it  is  on  tlie  ])iece  itself, 
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and  BO  on.  In  dimensioning  such  a  drawing  the  dimension  which 
IS  written  on  tbo  drawing  is  the  actual  dimension  of  the  piece, 
and  not  the  distance  which  is  measured  on  the  drawing.  This 
lact  must  be  very  clearly  understood  by  the  student. 

The  common  method  of 
reducing  all  the  dimen- 
sions  in  the  same  proper- 
tion  is  to  choose  a  certain 
distance  and  l^t  that  dis- 
tance represent  one  foot, 
this  distance  is  then  di- 
vided into  twelve  parts 
and  each  one  of  these  parts 
represents  an  inch;  then 
if  half  and  quarter  inches 
are  required  these  twelfths 
are  subdivided  into  halves, 
quarters,  etc.,  until  the 
subdivisions  become  so 
small  that  they  cannot  be 
used.  "VTe  now  have  a 
scale  which  represents  the 
common  foot  rule  with  its 
subdivisions  into  inches 
and  fractions;  but  our  new 
foot  is  smaller  than  the 
ordinary  distance  which 
we  call  a  foot,  and  of 
course  its  subdivisions  are 
proportionately  smaller. 
When  we  make  a  measure- 
ment on  the  drawinrr  we 
make  it  with  our  reduetnl 


SCALE-3-l 


Fig.  41. 


foot  rule  and  wlien  we  make  a  measureiiieiit  on  the  machine  itself 
we  make  it  with  tlie  eonmioii  foot  rule. 

DraftsiiieiTs  seaKs  can  be  b()iio;lit  wliieh  have  clifft*rent  dis- 
taiKvs  thus  (lividtMl,  so  that  if  tlie  draftsman  wishes  to  draw  a 
piece  one-fourth  size  lie  looks  over  his  scale  until  he  finds  a  dis- 
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tanca  of  three  inclies  (wLicli  is  of  course  one- fourth  of  a  foot) 
divided  as  explained  above,  and  he  uses  this  to  measure  with  on 
his  drawing.  His  drawing  would  then  be  made  to  a  scale  of 
three  inches  to  the  foot.  In  the  same  way,  if  he  wishes  to  make 
his  drawing  one-twelfth  size  he  finds  on  his  scale  one  inch  divided 
into  twelfths  and  fractions  of  twelfths  and  uses  this  as  his  standard 
of  measurement;  if  he  wishes  to  make  his  drawing  one  forty- 
eighth  size  he  uses  a  quarter  inch  with  its  subdivisions.  Some- 
times if  the  piece  to  be  drawn  is  very  small,  the  drawing  is  made 
at  an  enlarged  scale,  such  as  twice  size,  three  times  size,  etc. 

The  mistake!  of  choosing  the  wrong  distance  to  use  on  a  scale 
is  often  made.  For  example,  if  he  wishes  to  draw  a  piece  J  size, 
he  will  look  over  his  scale  for  a  place  marked  J,  and  use  this  for 
his  standard  for  J  size,  which  is  ^vrong.  The  figure  on  the  scale 
indicates  the  distance  which  is  divided  up  to  represent  one  foot,  so 


Fig.  45.  Fig.  46. 

that  the  part  of  the  scale  which  has  ^  marked  on  it  means  that  ^ 
of  an  inch  is  divided  up  into  twelfths,  or  in  other  words,  if  a  draw- 
ing is  made  according  to  that  scale  it  will  be  ^^^th  size. 

Every  drawing  which  is  made  at  any  other  scale  than  full 
size  should  have  the  scale  marked  on  it  plainly. 

Fig,  44  shows  a  piece  drawn  to  a  scale  of  3  inches  per  foot, 
that  is,  J  size. 

Long^  Pieces*  A  piece  which  is  very  long  in  proportion  to  its 
diameter  or  width  is  often  difficult  to  draw  complete,  especially  if 
there  is  much  detail  to  any  part  of  it,  for  if  the  scale  is  made  so 
small  that  the  length  w^ill  go  on  a  sheet  of  paj^er  of  convenient  size 
the  small  part  is  so  reduced  that  it  is  very  small.  If  such  a  piece 
is  plain  the  whole  or  part  of  its  length,  a  portion  of  the  plain  part 
may  be  broken  out  on  the  drawing  thus  shortening  the  drawing  of 
the  piece  so  that  a  larger  scale  may  be  used.  Of  course  in  givintr 
the  dimension  for  the  length,  the  actual  length  must  be  given. 
Fig.  45  shows  a  round  piece  thus  broken  out  and  Fig.  46  a  ree* 
tangnlar  piece. 
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It  is  a  good  idea  to  connect  by  dotted  lines  the  two  parts  thus 
broken,  although  this  is  not  essential. 

"Turning  Up"  a  Section.  Sometimes  a  second  view  of  a  piece 
may  be  avoided  by  drawing  on  the  first  view  a  partial  view  show- 
ing  the  shape  of  the  cross-section  at  the  place  where  drawn.  This 
partial  view  or  "  turned-up  section  "  may  be  drawn  in  either  full  or 
dotted  lines  and  should  be  cross  hatched.  If  it  comes  where  there 
are  other  lines  of  the  original  view,  as  is  usually  the  case,  the 
original  lines  would  be  drawn  in  regardless  of  the  fact  that  they 
conflicted  with  the  auxiliary  view.     Fig.  47  is  an  illustration. 

In  General.  A  working  drawing  will  usually  belong  to  one 
of  the  three  following  classes:  first^  a  design  of  an  entirely  new 
machine;  second y  a  drawing  of  a  machine  which  is  already  built; 
thirdy  a  drawing  of  a  new  part  to  fit  a  machine  which  is  already 
built,  or  a  drawin^x  of  an  old  machine  remodelled. 

In  order  to  design  a  new  machine 
or  a  part  of  a  machine,  the  draftsman 
must  understand   the   principles    of 
drawing  and  must  also  have  a  clear 
i^^o-  4"»  understanding  of  the  work  which  the 

machine  is  to  perform,  and  must  know  something  of  the  principles 
of  machine  desio-n  and  the  strenorth  of  materials.  A  study  of  tlie 
general  manner  of  j)rocee(ling  with  the  drawing,  when  these  thiiu^s 
are  known,  will  come  later  in  this'  course.  The  draftsman  \\v\y 
make  a  drawing  of  a  machine  which  is  already  built,  even  if  be 
has  no  understandin^r  of  the  workincr  of  the  machine,  althcnu'li 
under  such  conditions  he  works  at  a  trreat  disadvantatre.  In  any 
case,  he  must  know  the  prinei])les  of  drawincr. 

If  the  student  has  learned  thoroughly  what  has  preceded  in 
this  course,  he  should  be  ready  to  take  up  the  drawino-  from  a 
macliine,  and  we  will  now  consider  the  general  system  to  be  fol- 
lowed in  makinij  such  a  drawin(^ 

Sketches.  In  most  cases  it  would  be  inconvenient  for  the 
draftsman  to  take  his  drawing  board  and  instruments  to  the 
machine  and  make  his  careful  drawing  with  the  machine  close  at 
hand;  preferably,  he  makes  what  are  called  sketches,  carries  his 
sketches  to  the  drafting  room  and  makes  his  drawing  from  them. 
In  making  the  sketches,  each    piece  of  the  machine   should  be 
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taken  separately  and  a  complete  working  drawing  made  of  it,  the 
only  difference  between  these  sketches  and  the  finished  drawing 
l)eing  that  they  are  made  largely  without  the  use  of  instruments, 
triangles,  etc.;  that  is,  they  are  made  free  hand.  The  experienced 
draftsman  will  draw  some  lines  and  circles  free  hand,  and  use  his 
instruments  on  some,  according  as  he  may  think  that  he  will  save 
time  by  doing  the  one  or  the  other;  but  it  is  well  for  the  beginner 
to  gain  practice  by  making  the  sketches,  almost  wholly  free 
hand,  except  large  circles,  and  long  lines. 

The  sketches  should  be  neat  and  perfectly  clear,  so  that  if 
they  are  laid  aside  for  a  long  time  they  can  be  clearly  understood 
without  depending  at  all  upon  memory.  There  is  a  strong 
tendency  for  the  beginner  to  make  his  sketches  hurriedly,  think- 
ing that  when  he  comes  to  finish  his  drawing  he  can  supply  the 
details  from  memory.  This  is  a  bad  plan  and  will  lead  to  many 
mistakes.  The  sketches  must  be  so  clear  and  complete  that  any- 
one can  read  them  who  has  never  seen  the  machine.  No  attempt 
need  be  made  to  draw  them  to  scale,  but  all  dimensions,  carefully 
measured  from  the  machine,  should  be  placed  on  the  sketch. 

After  every  piece  of  the  machine  has  been  thus  sketched  sep- 
a^tely,  it  is  well  to  make  a  rough,  general  sketch  of  the  whole 
machine,  to  show  how  the  various  pieces  fit  together,  a  few  of  the 
most  important  over-all  dimensions,  distances  between  centers,  etc. 

All  sketching  should  be  done  as  rapidly  as  possible  without 
sacrificing  clearness.  Before  starting  to  sketch  a  piece,  the  drafts- 
man must  decide  what  views  are  necessary  to  describe  the  piece 
clearly.     All  sketches  should  be  made  large  to  avoid  confusion. 

Detail  Drawing^.  After  the  sketches  are  made,  the  next  step 
is  the  making  of  the  pencil  drawing  from  the  sketches,  accurately 
to  scale.  The  size  of  the  plate  on  which  the  drawing  is  to  be 
made  is  usually  fixed  by  some  standard.  Where  many  drawings 
are  made  and  kept  in  an  oflice,  it  is  desirable  to  keep  the  plates  of 
uniform  size,  as  far  as  possible.  It  is  good  practice  to  have  two 
or  three  standard  sizes  of  plates,  one  for  small  drawings,  one  for 
ordinary-sized  work,  and  one  for  large  drawings;  then,  whenever  a 
drawing  is  made,  make  it  on  one  of  these  standard  plates. 

Assuming,  then,  that  we  have  our  paper  stretched  on  the 
drawing  board  and  the  plate  laid  out,  the  next  step  will  be  to 
arrange  the  drawings  of  the  various  pieces  on   the  plate  so  that 
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there  will  he  room  for  all  and  so  that  they  may  be  properly  placed 
with  relation  to  eaeh  other.  It  may  hap^)en  that  there  will  net  be 
room  on  one  plate  for  all  the  pieces,  but  tliat  two  or  more  plates 
will  be  required.  AVhen  the  parts  must  be  thus  arrang^  on 
different  plates,  an  effort  should  be  made  to  keep  on  the  same 
plate  those  jKirts  whieh  belong  together.  For  example,  if  we  were 
drawing  a  lathe,  the  details  of  the  parts  of  the  head  stock  might 
forn?  one  j)late,  the  apron  another,  and  so  on. 

In  loeatiiig  the  various  pieces  on  a  plate,  they  should  be 
placed  as  nearly  as  possible  in  the  same  relative  position  to  each 
otlier  that  they  bear  in  the  machine,  except  that  they  are  sepa- 
rated. For  example:  if  a  nut  belongs  on  the  end  of  a  screw,  it  is 
desirable  to  draw  it  on  the  same  center  line  with  the  screw  and  at 
the  end  where  it  belongs.  If  a  piece  is  vertical  in  the  machine 
it  should  1)0  verti<*al  on  the  plate,  and  if  horizontal  in  the  machine, 
it  should  be  horizontal  on  the  plate. 

The  approximate  location  of  the  pieces  on  the  plate  may  be 
asily  decided  by  taking  a  small  sheet  of  paper  of  about  the  same 
pro|>ortion  as  the  plate,  but  perhaps  one-fourth  or  one-half  size, 
and  sketching  on  it  roughly  the  outline  of  the  various  pieces.  Tbe 
arranging  of  the  plate  should  not  be  allowed  to  take  much  time, 
hut  i^liouM  bo  (lone  as  raj)iJly  as  possible.  After  the  location  of 
eaeli  view  of  eaoh  jiiree  is  determined,  the  pencil  drawing  should 
begin  (to  seale)  with  one  of  the  princij)al  pieces.  In  almost  all 
cashes  a  center  line  is  iirst  drawn.  It  is  better  to  carry  alontr  all 
the  views  of  a  ])ieee  at  once,  instead  of  completing  one  view  at  a 
time.  The  j^iece  started  should  have  all  its  views  finished  and 
eoni[)letely  dimensioned  before  another  j)iece  is  begun;  exceptions 
to  this  are  sonietimt^s  necessary  for  special  reasons.  The  lines 
should  Ih'  drawn  aeenrattly,  hut  no  attempt  need  he  made  to  obtain 
iinisli;  that  is,  in  order  to  save  time,  the  lines  may  he  run  past  the 
pufut  where  tlle^  should  ])roperly  stop,  etc.  Nothing  should  be 
omitted,  however. 

Each  plate  of  details  should  have  a  title,  stating  of  'vhat 
machine  it  is  u  drawing,  and,  if  there  are  several  plates,  it  '<»  well 
to  state  also  of  what  j)art  of  the  machine  the  plate  in  question  ii 
V  drawing.  It  is  also  a  good  idea  to  print  its  name  beside  eaih  of 
the  ])rinei])al  ])i(*c('S. 


400 


MECHANICAL  DRAWING  85 

Tracing.  Having  jSnished  the  pencil  drawing,  the  next  step 
is  the  inking.  In  some  offices  the  pencil  drawing  is  made  on  a  thin, 
tough  paper,  called  board  paper,  and  the  ink'ng  is  done  over  the 
pencil  drawing,  in  the  manner  with  which  the  student  is  already 
familiar.  It  is  more  common  to  do  the  inking  on  thin,  trans- 
parent cloth,  called  tracing  cloth,  which  is  prepar^^d  ^or  the  pur- 
pose. This  tracing  cloth  is  made  of  various  kinds,  the  kind  in 
ordinary  use  being  what  is  known  as  "  dull  back,"  that  is,  one 
side  is  finished  and  the  other  side  is  left  dull.  Either  side  may 
be  used  to  draw  upon,  but  most  draftsmen  prefer  the  dull  side. 
If  a  drawing  is  to  be  traced  it  is  a  good  plan  to  use  a  3H  or  iH 
j)encil,  so  that  the  lines  may  be  easily  seen  through  the  cloth. 

The  tracing  cloth  is  stretched  smoothly  over  the  pencil  draw- 
ing and  a  little  powdered  chalk  rubbed  over  it  with  a  dry  cloth, 
to  remove  the  slight  amount  of  grease  or  oil  from  the  surface  and 
make  it  take  the  ink  better.  The  dust  must  be  carefully  brusJied 
or  wiped  off  with  a  soft  cloth,  after  the  rubbing,  or  it  will  inter- 
fere with  the  inking. 

The  drawing  is  then  made  in  ink  on  the  tracing  cloth,  after 
the  same  general  rules  as  for  inking  the  paper,  but  care  must  be 
taken  to  draw  the  ink  lines  exactly  over  the  pencil  lines  which 
are  on  the  paper  underneath,  and  which  should  be  just  heavy 
enough  to  be  easily  seen  through  the  tracing  cloth.  The  ink  lines 
should  be  firm  and  fully  as  heavy  as  for  ordinary  work.  In  tracing, 
it  is  better  to  complete  one  view  at  a  time,  because  if  parts  of 
several  views  are  traced  and  the  drawing  left  for  a  day  or  two,  the 
cloth  is  liable  to  stretch  and  warp  so  that  it  will  be  difficult  to 
complete  the  views  and  make  the  new  lines  fit  those  already 
drawn  and  at  the  same  time  conform  to  the  pencil  lines  under- 
neath. For  this  reason  it  is  well,  when  possible,  to  complete  a 
view  before  leavingr  the  drawincr  for  any  lentrth  of  time,  althouo-h 
of  course  on  views  in  which  there  is  a  good  deal  of  work  this 
cannot  always  be  done.  In  this  case  the  draftsman  must  manipu- 
late his  tracing  cloth  and  instruments  to  make  the  lines  fit  as  best 
he  can.  A  skillful  draftsman  will  have  no  trouble  from  this 
source,  but  the  beginner  may  at  first  find  difficulty. 

Inking  on  tracing  cloth  will  be  found  by  the  beginner  to  be 
quite  different  from  inking  on  the  paper  to  which  he  has  been 
accustomed,  and  he  will  doubtless  make  many  blots  and  think  at 
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first  that  it  is  hard  to  make  a  tracing.  After  a  little  practice, 
however,  he  will  find  that  the  tracing  cloth  is  very  satisfactory 
and  that  a  good  drawing  can  be  made  on  it  quite  as  easily  as  on 
paper. 

The  necessity  for  making  erasures  should  be  avoided,  as  far 
as  possible,  but  when  an  erasure  must  be  made  a  good  ink  rubber 
or  typewriter  eraser  may  be  used.  If  the  erased  line  is  to  have 
ink  placed  on  it,  such  as  a  line  crossing,  it  is  better  to  use  a  soft 
rubber  eraser.     All  moisture  should  be  kept  from  the  cloth. 

Blue  Printing,  The  tracing,  of  course,  cannot  be  sent  into 
the  shop  for  the  workmen  to  use,  as  it  would  soon  become  soiled 
and  in  time  destroyed,  so  that  it  is  necessary  to  have  some  cheap 
and  rapid  means  of  making  copies  from  it.  These  copies  are 
made  by  the  process  of  blue  printing  in  which  the  tracing  is  used 
in  a  manner  similar  to  the  use  made  of  a  negative  in  photography. 

Almost  all  drafting  rooms  have  a  frame  for  the  purpose  of 
making  blue  prints.  These  frames  are  made  in  many  styles,  some 
simple,  some  elaborate.  A  simple  and  efficient  form  is  a  flat  sur- 
face usually  of  wood,  covered  with  padding  of  soft  material,  such 
as  feltinor.  To  this  is  hintred  the  cover,  which  consists  of  a  frame 
similar  to  a  picture  frame,  in  which  is  set  a  piece  of  clear  glass. 
The  whole  is  either  mounted  on  a  track  or  on  feome  sort  of  a 
swinrriiig  arm,  so  that  it  may  readily  bo  run  in  and  out  of  a 
window. 

The  print  is  made  on  paper  prepared  for  the  purpose  by 
havirm  one  of  its  surfaces  coated  with  chemicals  which  are  sensi- 
tive  to  sunlight.  This  coated  paper,  or  blue-print  paper,  as  it  ii^ 
called,  is  laid  on  the  padded  surface  of  the  frame  with  its  coated 
side  uppermost;  the  tracing  laid  over  it  right  side  up,  and  the 
glass  pressed  down  firmly  and  fastened  in  place.  Springs  are 
frequently  used  to  keep  the  paper,  tracing,  etc.,  against  the  glass 
AVith  some  frames  it  is  more  convenient  to  turn  them  over  and 
remove  the  backs.  In  such  cases  the  tracing  is  laid  acrainst  the 
glass,  face  down;  the  coated  paper  is  then  placed  on  it  with  tlie 
coated  side  acrainst  the  tracing  cloth. 

The  sun  is  allowed  to  shine  upon  the  drawing  for  a  few 
minutes,  tlien  the  blue-print  paper  is  taken  out  and  thoroughly 
waslit'd    in   clean   water  for  st^veral  minutes  and   hung  uj)  to  <lry. 


402 


MECHANICAL  DRAWING  37 

If  the  paper  has  been  recently  prepared  and  the  exposure  properly 
timed,  the  coated  surface  of  the  paper  will  now  be  of  a  clear,  deep 
blue  color,  except  where  it  was  covered  by  the  ink  lines,  where  it 
will  be  perfectly  white. 

The  action  has  been  this:  Before  the  paper  was  exposed  to 
the  light  the  coating  was  of  a  pale  yellow  color,  and  if  it  had  then 
been  put  in  water  the  coating  would  have  all  washed  off,  leaving 
the  paper  white.  In  other  words,  before  being  exposed  to  the 
sunlight  the  coating  was  soluble.  The  light  penetrated  the  trans- 
parent tracing  cloth  and  acted  upon  the  chemicals  of  the  coating, 
changing  their  nature  so  that  they  became  insoluble;  that  is,  when 
put  in  water,  the  coating,  instead  of  being  washed  off,  merely 
turned  blue.  The  light  could  not  penetrate  the  ink  with  which 
the  lines,  figures,  etc.,  were  drawn,  consequently  the  coating  under 
these  was  not  acted  upon  and  it  washed  off  when  put  in  water, 
leaving  a  white  copy  of  the  ink  drawing  on  a  blue  background. 
If  running  water  cannot  be  used,  the  paper  must  be  washed  in  a 
sufficient  number  of  changes  until  the  water  is  clear.  It  is  a  good 
plan  to  arrange  a  tank  having  an  overflow,  so  that  the  water  may 
remain  at  a  depth  of  about  G  or  8  inches. 

The  length  of  time  to  which  a  print  should  be  exposed  to  the 
light  depends  upon  the  quality  and  freshness  of  the  paper,  the 
chemicals  used  and  the  brightness  of  the  light.  Some  paper  is 
prepared  so  that  an  exposure  of  one  minute,  or  even  less,  in  bright 
sunlight,  will  give  a  good  print  and  the  time  ranges  from  this  to 
twenty  minutes  or  more,  according  to  the  proportions  of  the 
various  chemicals  in  the  coating.  If  the  full  strength  of  the  sun- 
light  does  not  strike  the  paper,  as,  for  instance,  if  clouds  partly 
cover  the  sun,  the  time  of  exposure  must  be  lengthened. 

Assembly  Drawing:.  We  have  followed  through  the  process 
of  making  a  detail  drawing  from  the  sketches  to  the  blue  print 
ready  for  thcd  workmen.  Such  a  detail  drawing  or  set  of  drawings 
shows  the  form  and  oize  of  each  piece,  but  does  not  show  how  the 
pieces  go  together  and  gives  no  idea  of  the  machine  as  a  whole. 
Consequently,  a  general  drawing  or  assembly  drawing  must  be 
made,  which  will  show  these  things.  Usually  two  or  more  views 
are  necessary,  the  number  depending  upon  the  complexity  of  the 
machine.     Very  often  a  cross-section   through  some  part  of  the 
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machine,  chosen  so  se  to  give  the  beet  general  idea  with  the  least 
Hinonnt  of  work,  will  make  the  drawing  clearer. 

The  DQiuber  oC  dimeosious  required  od  an  assemblj  drawing 
depends  largely  apon  the  kind  of  machine.  It  ia  usoallj  best  to 
give  the  important  over-all  dimensions  and  the  distance  between 
the  principal  center  lines.  Care  must  be  taken  that  the  over-all 
dimensions  agree  with  the  snm  of  the  dimensions  of  the  Tartons 
details.  For  example,  suppose  three  pieces  are  bolted  together, 
the  thickness  of  the  pieces  according  to  the  detail  drawing,  being 
one  inch,  two  inches,  and  five  and  one-half  iDches  respectively;  the 
snm  of  these  three  dimensions  is  eight  and  one-half  inches  and 
the  dimensions  from  outside  on  the  assembly  drawing,  if  gt  m'q  m 
all,  must  agree  with  this.  It  is  a  good  plan  to  add  these  ovlt-sII 
dimensions,  as  it  serves  as  a  check  and  relieves  the  mechanl 
necessity  of  adding  fractions. 
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FORMULA  FOR  BLUE-PRINT  SOLUTION. 

Dissolve  thoroughly  and  filter, 

B«d  PniBMste  of  potash .'.2^  oanccB, 

*•    Water 1     pint 

Ammonio-Citrato  of  iron i  ouncea, 

°'     Water. I  pint 

Dee  er]iial  parts  of  A  and  B, 

FORHULA  FOR  BLACK  PRINTS 
Negatives,     White  lines  on  blue  ground;  prepare  the  paper 

with 

Ammonio-Citrata  of  iron 40  grains, 

Water..  _ I  ounce. 

After  printing  wash  in  water. 

Positives.     Black  lines  on  white  ground;  prepare  the  paper 
with: 

Iron  perchlorido GlCgrHins, 

Oxalic  Acid 308  K'sins, 

Water 14  ounces. 

{Gallic  Acid 1  ounce. 
Citric  Acid 1  ounce, 
Alum 8  ouncea 

I'r-  1 J  ounces  of  dcvciojier  to  one  gallon  of  water.      Paper  is 
fully  e.\j)ose(]  wben  it  has  changed  from  yellow  to  white. 


o 

z 

J 

Q. 

O 
O 

Q. 


^ 


CD 

i 


5 


Q) 

i 


._J 


MECHANICAL  DRAWING  35 


PLATES. 
PLATE  VIII. 

Pipe  Coupling.  The  drawing  represents  one  of  a  pair  of 
cast-iron  couplings  used  for  connecting  two  lengths  of  pipe.  It  is 
threaded  for  a  right-handed  thread,  but  appears  left-handed  because 
the  back  part  of  the  thread  is  visible  in  the  section. 

The  vertical  center  line  of  the  coupling  is  in  the  center  of 
the  plate;  the  center  of  the  plan  is  3J  inches  from  the  lower 
border  and  the  bottom  of  the  elevation  1^  inches  from  the  top 
border  line.  The  elevation  is  made  in  half  section,  that  is,  the 
right-hand  half.  It  is  made  by  imagining  that  the  front  rio-ht 
quarter  of  the  coupling  is  cut  away  by  vertical  planes.  If  the 
cutting  plane  passes  through  a  hole  or  opening  the  cross-hatching 
is  omitted.  The  dotted  lines  at  the  left  of  the  hole  show  that  it 
is  threaded.  The  distance  between  these  lines  is  -^\  inch,  the 
depth  of  the  thread.  The  threaded  or  tapped  portion  is  shown  in 
plan  by  the  two  circles,  the  dotted  circle  representing  the  outside 
and  the  full  circle  the  inside  or  root  of  the  thread. 

The  boss  or  hub  adds  to  the  strength  and  allows  more  threads. 
The  shade  lines  should  be  placed  on  the  drawing  following  the 
custom  for  shop  drawings.  The  title  "  Pipe  Coupling  "  should 
be  placed  as  shown  and  made  with  letters  ^  inch  high.  The 
letters  may  be  either  vertical  or  inclined  Gothic  capitals. 

PLATE   IX. 

Pillow  Block.  The  drawings  for  this  plate  are  three  views — 
side,  plan  and  end — of  a  4  inch-pillow  block.  Each  view  is  half 
in  section.  The  drawing  should  be  one-half  size.  Make  the  ver- 
tical center  line  of  the  side  and  plan  views  4;|  inches  from  the 
left-hand  border.  The  horizontal  center  line  of  the  side  view 
should  be  2|  inches  from  the  top  border  line  and  the  horizontal 
center  line  of  the  plan  2^  inches  from  the  bottom  border  line. 
Locate  the  vertical  center  line  of  the  end  view  2^  inches  from  the 
right-hand  border  line;  the  horizontal  center  line  will  of  course  be 
a  continuation  of  that  of  the  side  view.  Note  that  the  left-hand 
half  of  the  plan  represents  what  is  seen  by  looking  up  from 
below.  The  cutting  plane  for  the  right-hand  half  passes  hori- 
zontally through  the  center  of  the  shaft. 
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The  student  should  put  on  shade  lines  and  finish  marks;  also 
the  notes  and  dimensions.  Make  the  letters  of  the  title  vertical 
Gothic  capitals  |  inch  high. 


I'ig.  48.  Fig.  49. 

PLATE  X . 

Overhung  Crank.  The  two  drawings  on  this  plate  are  to  be 
made  full  size  from  tlio  freo-band  sketches  Figs.  48  and  4U.  Theso 
are  such  as  would  bo  given  the  draftsman  or  such  he  would  make 
for  his  own  work.  Place  the  two  views  so  that  tliey  will  look 
well  on  the  plate.     Put  on  shade  lines  and  dimensions. 

PLATE  XI. 

Cylinder  Head.  This  plate  consists  of  a  plan  view  and  a 
cross-section  of  the  cylinder  head  of  a  small  encrine.  The  center 
line  for  the  two  views  is  drawn  half  way  between  the  upper  and 
lower  border  lines.     Always  allow  suflicient  space  for  dimensions. 

The  shade  lines  should  be  placed  on  the  drawing,  followimr 
the  methods  described  for  machine  drawincj.  Locate  the  title  and 
explanatory  notes  to  make  the  plate  appear  well  balanced. 

PLATE  XI  A. 

Blue  Print.  ^lake  a  tracing  on  tracing  cloth  and  (optional) 
a  blue  print  of  one  of  these  plates. 
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PART  VI. 


WORKING  SHOP  DRAWINGS. 

In  Parts  I  to  IV,  inclusive,  the  fundamental  principles  of 
Mechanical  Drawing  were  explained  and  illustrated.  The  pro- 
duction of  working  drawings  has  also  been  discussed  to  some 
extent,  and  the  usual  characters  and  symbols  explained  and 
applied.  The  elementaiy  work  already  outlined  has  been  treated 
chiefly  from  the  standpoint  of  correctness  of  line  representation 
considered  by  itself,  without  a  detailed  study  of  the  use  to  wliich 
the  drawings  so  produced  are  to  be  applied. 

Evidently  this  is  the  proper  method,  for  the  student  should 
gain  a  thorough  understanding  of  the  principles  which  underlie 
line  representation  before  attempting  to  apply  them  to  any  ex- 
tended practical  use.  In  all  of  tliis  preceding  work  it  is  intended 
that  the  theoretical  principles  shall  overshadow  any  incidental 
references  made  to  practical  application,  however  true  and  perti- 
nent the  latter  may  be  for  purposes  of  illustration.  Hence,  before 
taking  up  any  advanced  work,  the  student  should  fully  realize  the 
importance,  in  fact,  the  absolute  necessity,  of  thoroughly  under- 
standing the  fundamental  principles  which  have  been  outlined  in 
the  books  which  have  preceded  Part  VI. 

At  this  point  the  student  must  realize  that  a  lack  of  proper 
elementary  and  fundamental  training  will  make  liini  "go  lan)e''  at 
every  point  of  his  course,  and  probably  prevent  the  attainment  of 
proficiency  which  otherwise  would  naturally  and  almost  instinc- 
tively come  with  advanced  study.  It  is  the  thorough  and  ready 
knowledge,  always  at  his  fingers'  ends,  of  fill  the  principles  of 
Mechanical  Drawing,  which  makes  the  expert  draftsman. 

Plan  and  Scope  of  Advanced  Work.  It  is  now  intended  to 
throw  an  entirely  different  light  on  the  matter,  and  view  the 
subject  of  Mechanical  Drawing  from  a  purely  {)ractical  stand- 
point;  viz.,    that   of    Utility.     It   is    assumed    that   the  student 
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imderstaiids  and   can  use    tlie    principles   which  liave    been  pre- 
viously discussed. 

If  in  a  working  shop  drawing  we  choose  to  modify  any  of 
these  theoretical  principles,  it  will  be  because  of  increased  value 
in  Utility  of  the  drawing.  For  example,  we  may  desire  to  omit 
some  portions  of  an  elevation  or  plan  or  side  view  of  a  compli- 
cated casting,  because  certain  detiiils  will  thus  be  more  cleaily 
brought  out.  We  may  make  a  "  zigzag ''  section  to  show  con- 
struction which,  by  absolute  fidelity  to  theoretical  principle, 
would  be  confused,  or  hidden  in  a  maze  of  dotted  lines.  We  mav 
Hud  it  convenient  to  place  in  some  unoccupied  corner  of  a  dniwing 
a  layout  wliich  could  not  be  in  the  least  justified  by  any  i*ule  of 
projection.  A  multitude  of  transgressions  like  these  occur  on 
good  drawings,  and  they  are  certainly  justifiable  from  the  stand- 
point of  Utility^  which  is  the  true  ultimate  end  sought  for  in  a 
practical  shop  drawing. 

These  variations  from  the  theoretical  are  not  strictlv  conven- 
tionalities,  because  they  are  not  classified  or  established,  so  far 
as  we  know,  but  are  tlie  spontaneous  outgrowth,  as  the  occasion 
demands,  of  the  draftsman's  purpose  to  make  his  drawing  one 
of  greatest  Utilit//.  lie  can,  however,  saf(*ly  transgress  a  ]»rin- 
cipU;  only  wlien  he  tlH)rt)Uglily  knows  tlie  j)rin('iple;  otherwise 
a  blind  deviation  /vom  the  theoretical  path  will  inevitably  lead 
to  diilicuUy. 

All  of  th(^  above  is  intended  to  impress  the  student  with  the 
idea  that  theoretical  prinei])les  are  his  luvst,  in  fact,  his  onlv  tools 
to  work  with:  but  thev  are  not  *' self-hardeninijf/'  like  -Mnushet  " 
steel:  thev  are  like  the  finest  u'rade  of  tool  steel,  which  must  !»•• 
tempered  and  ground  and  nsiMJ  with  the  best  jndonient  of  tlic 
operator,  to  semri^   the   most  satisfactory    results. 

Sfmh'itt  Jh'<nrui'/s.  A  student's  earlv  drawin<jfs  arc  nsnallv 
nnsatisfactorv,  even  to  himself.  Somehow  thev  do  not  look  lii<c 
those  seen  in  shops,  and  as  a  ruh*  he  is  unable  to  see  whv  this  i> 
so.  Of  conise  the  differenc-e  is  to  some  extent  due  to  the  ex[)eri- 
ence  of  the  professional  (l^aft>^nlan.  However,  tlu^  superior  ri'suhs 
of  the  hitter's  work  are  attained  larLTely  tliroutxh  his  svstemati( 
and  workmanlike  habits  of  execution.  It  should  eneoui'aee  the 
student    in    iiis  early  attempts   to  know  that  these  essentials  to 
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tlie  infusion  of  life  and  sliop  spirit  into  a  drawing  can  be  analyzed, 
outlined  and  grasped  at  tlie  outset  by  earnest,  intelligent  effort, 
and  really  good  workmanlike  results  obtiiined.  To  discuss,  and  if 
possible  to  impart  these  essentials  of  a  working  shop  drawing  to 
the  student,  is  the  purpose  of  the  present  book. 

Essentials.  The  two  chief  essentials  of  a  shop  drawing, 
luider  which  general  heads  a  multitude  of  detail  requirements 
can  be  summed  up,  are : 

(1.)  Absolutely  complete  and  definite  instructions  from  de- 
signer to  workman. 

(2.)  Least  possible  cost  in  dollai*s  and  cents  of  production 
of  the  di*Jiwinor  measured  bv  the  draftsman's  time. 

It  makes  no  difference  how  much  we  may  attempt  to  disguise 
these  two  elements,  the  fact  will  still  be  apparent  that  "  complete 
hiHt  ructions  furnished  for  the  least  7«o/te?y"  is  what  tlio  manufac- 
turing shop  Is  after,  and  what  will  be  assumed  as  a  bixsis  for 
judgment  as  to  highest  commercial  utility. 

Completeness  of  Drawings.  As  to  the  first  point,  that  of 
completeness  and  definiteness  of  instruction,  there  must  be  no 
question  of  degree.  If  the  information  which  the  drawing  fur- 
nishes is  positive  and  complete,  the  drawing  is  good.  If  doubt 
arises  in  the  workman's  mind  as  to  what  the  designer  intended  by 
a  certain  line  or  dimension,  or  if  the  dimension  be  omitted,  the 
drawing  is  bad.  There  is  no  middle  ground.  The  instructions 
are  either  present  or  absent,  and  the  drawing  good  or  bad  accord- 
ingly- 

The  workman  of  to-day  is  not  permitted  to  assume  dimen- 
sions or  shape.  It  is  hLs  business  to  execute  the  draftsman's 
orders ;  it  is,  however,  often  his  privilege  to  choose  his  own  way 
of  doing  it,  but  further  than  this  modern  i)ractice  does  not  allow 
him  to  go.  He  is  held  as  rigidly  to  the  orders  specified  by  the 
dniwiniir  as  the  locomotive  ensfineer  is  held  to  his  bit  of  tissue 
telegraphic  order  to  proceed,  without  which  he  dare  not  enter  the 
next  block.  The  drawing  is  supreme  ;  it  is  official ;  it  mus\,  oe 
plain,  direct  and  all-suHicient.  It  is  the  draftsman's  business  to 
make  it  thus,  and  he  is  not  a  draftsman  until  he  does. 

This  idea  of  positiveness  must  be  thoroughly  absorbed  by  the 
student.     Positive  action  must  be  a  habit  which  controls  his  evei^ 
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move,  which  marks  every  dimension  he  prints,  which  directs  every 
line  he  draws.  Every  line  must  mean  something,  must  have  a 
definite  reason  for  existence,  must  be  necessary  to  illustrate  the 
idea  which  he  wishes  to  convey  to  the  workman,  and  every  line 
must  be  a  definite  measurable  distance  from  every  other  line,  so 
that  its  location  is  fixed  beyond  a  doubt.  Lines  which  mean 
nothing,  and  cannot  be  measured,  have  no  place  on  the  drawing; 
they  only  confuse  it. 

A  good  picture  of  a  machine  could  scarcely  be  called  to  the 
same  service  as  a  good  drawing  of  it.  The  picture  might  give  us 
an  excellent  idea  of  the  machine,  but  for  the  purpose  of  the  actual 
construction  tlie  picture  is  useless,  while  the  drawing  is  of  positive 
value.  This  value  exists  simply  because  of,  and  in  proportion  to, 
the  completeness  of  detail  which  it  shows.  Hence  in  making  a 
shop  drawing  the  picture  idea  is  entirely  subordinate  to  the  idea 
of  Utility^  the  latter  in  fact  being  the  measure  of  its  value. 

There  .are  certain  classes  of  drawings — of  which  the  Patent 
Ofiice  drawing  is  a  good  example — in  the  making  of  which  the 
picture  idea  is  predominant.  Here  the  purpose  is  to  illustrate 
mechanisms,  not  construct  them ;  hence  the  function  of  the  draw- 
ing is  in  no  wise  that  of  the  working  shop  drawing,  and  as  such 
does  not  fall  wiLliin  our  discussion. 

Cost  of  Proilncintj  Drawings.  The  second  general  element 
involved  in  prcKliu'ini^  shop  drawings  is  their  cost,  as  measured 
by  the  (Iraftsniiin's  time.  It  is  somewhat  subordinate  to  the  first 
cleiiuMit,  for  the  (hawing  must  be  a  good  one,  judged  by  an  aliso 
lute  standard,  whatever  the  time  or  cost  necessary  to  produce  it. 
Cost,  liowevtM',  is  an  important  item,  and  cannot  well  be  over- 
looked. It  is  inevitable  that  in  any  enterprise  economv  will 
ultimately  be  sought,  whatever  extravagance  an  imperative  orig- 
inal (lem;in(l  may  have  permitted.  This  is  as  true  in  the  produc- 
tion of  drawings  as  in  the  east*  of  manufactured  articles  of  trade. 
Draftiug-rooiu  lal)'»r  is  a  relatively  high-priced  service,  and  the 
salary  list  easily  ;issumes  e()usideral)le  proportions,  so  that  wasteful 
excesses  count  up  iai)i(lly.  One  of  tin*  (jualifications  of  proficiency 
invariably  recpiired  for  this  department  of  shop  organization  is 
rapidity  of  execution.  This  is  not  as  dependent  upon  personal  traits 
as  at  first  might  be  supposed.    A  man  may  so  husband  his  time  and 
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direct  his  efforts  that  he  will  easily  distance  his  neighbor  of  more 
rapid  motion.  The  latter  may  have  less  ability  to  make  his  ener- 
gies count,  and  lack  of  judgment  as  to  when  just  enough^  and  no 
more  than  enough,  energy  has  been  expended  on  his  drawings. 
From  the  standpoint  of  Utility ^  the  function  of  a  drawing  is  ful- 
filled when  it  has  reached  the  stage  that  it  completely  instructs ; 
more  time  spent  in  elaboration  is  Wiisted,  and  is  an  unnecessary 
and  therefore  extravagant  expenditure.  The  student  must  fully 
realize  this.  In  his  earnestness  to  produce  finished  and  complete 
work  he  must  constantly  strive  to  accomplish  results  in  the  least 
possible  time.  This  does  not  mean  careless  haste ;  far  from  it.  A 
complete  shop  drawing  cannot  be  made  by  short  cuts,  but  through 
a  systematic  building  of  line  on  line,  dimension  on  dimension. 
This  is  in  sharp  contrast  to  a  haphazard  habit  of  developing  a 
drawing,  first  a  line  here  and  then  a  figure  there,  with  no  definite 
purpose  in  mind,  and  no  hint  as  to  when  the  drawing  is  actually 
completed. 

The  one  method  constitutes  the  efficient  draftsman  who 
works  easily,  receives  a  high  salary,  and  is  worth  it,  because  he 
wastes  no  time  in  unnecessary  labor.  The  other  marks  his  unfor- 
tunate brother,  plodding  laboriously  far  behind,  receiving  a  small 
pittance  per  hour,  and  worth  less,  because  he  does  uncalled-for 
labor,  and  loses  his  definiteness  of  purpose  in  a  maze  of  unexplain- 
able  lines  and  figures. 

A  working  shop  drawi^ig.  commercially  considered,  may  well 
be  defined  as  being  **  Complete  instruction  from  designer  to  workman 
issued  at  minimum  expensed 

This  definition  should  be  memorized  by  the  student,  and  con- 
stantly kept  in  mind  while  making  a  drawing.  The  preceding 
pages  should  be  re-read  with  this  in  view  until  the  full  spirit  is 
appreciated. 

The  maxim  as  given  above,  if  faithfully  adhered  to  without 
modification,  answers  nearly  every  question  that  can  be  raised  as 
to  the  excellence  of  a  drawing.  It  can  be  used  as  a  standard  of 
judgment,  whatever  system  of  lines  or  symbols  may  be  in  vogue. 
It  permits  a  draftsman  to  adjust  himself  to  the  rules  of  any  shop 
or  drawing-room,  and  yet  produce  a  good  drawing  and  satisfy 
his  employer. 
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A  drawing  which  is  cheaply  produced  and  at  the  same  time 
does  perfectly  that  for  which  it  was  made,  that  is,  convey  complete 
instruction,  is  beyond  commercial  criticism. 

Method  of  Procedure.  As  the  general  objects  to  be  attained 
in  a  working  shop  drawing  have  now  been  presented,  it  is  neces- 
sary to  indicate  in  detail  how  the  work  may  be  properly  accom- 
plished.  In  order  to  do  this,  it  is  proposed  to  produce  systematically 
a  full  set  of  working  drawings  of  a  familiar  and  comparatively 
simple  machine.  The  methods  used  will  be  those  of  a  designing 
detail  draftsman,  producing  commercial  work  fit  for  shop  use. 
In  the  progress  of  the  work,  from  its  beginning  in  the  rougli, 
though  accurate,  pencil  layout,  to  the  completion  of  the  tracings 
and  the  order  slieet^,  the*  same  bold  style,  clearness,  directness  luid 
businesslike  spirit  wliich  the  shop  atmosphere  and  surroundings 
would  naturally  sui)ply,  will  be  emphasized,  and  so  far  as  possible 
imparted  to  the  student.  It  is  expected  that  the  student  will  fol- 
low the  text  closely  and  study  the  plates  carefully,  endeavoring 
to  familiarize  himself  with  every  detiiil  illustrated.  Tlie  more 
closely  he  is  able  to  apply  himself  in  this  respect  the  more  will 
he  be  able  to  partake  of  the  life  and  spirit  which  is  intended  to  In? 
conveyed,  and  without  which  the  true  character  of  the  work  can 
be  but  poorly  developed. 

Incidenlally,  several  })urpose8  will  be  fulfilled  by  this  treat- 
ment. 

Ability  to  read  drawings  quiekly  and  intelligently  is  almost 
as  important  as  making  them,  and  it  is  expected  that  the  studv 
of  the  plates,  witli  a  vi(;w  to  thorouuflilv  underslandiuix  everv  line, 
will  develop  profieieney  in  the  art  of  reading  drawini:s. 

'Die  (liscussion  in  the  text,  of  not  only  the  form  of  the 
machine  parts  themselves,  but  also  the  tools  and  shop  j>rocesses 
to  {)roducti  them,  affords  considerable  insight  into  the  iniluenceN 
at.'ecting  good  niacliine  design.  Without  introducing  any  ni.itlie- 
m  itical  analvsis  or  investiiratic^i,  which  is  bevond  tlie  provint*e 
of  this  book,  nuudi  practical  consideration  as  to  the  restriction> 
im|>osed  by  existing  shoj)  nielhods  upon  theoretical  construction 
will  be  suLr<jrested,  and  the  student  cncouraLrt'd  to  use  his  iudLrnient 
thereon. 

In  the  preliiuinary  layouts  tlie  actual  "  sketchy  ''  appearance 
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of  the  pencil  drawing  will  be  imitated  as  far  as  possible,  so  that 
the  student  himself  may  imitate  and  catch  the  bold  dash,  yet  fine 
accuracy,  of  the  line-work,  which  is  characteristic  of  the  expert 
draftsman. 

The  completeness  of  a  set  of  drawings  is  as  important  a  lesson 

as  the  coni[)leteness  of  each  drawing  itself.  In  this  is  involved 
the  proper  arrangement  and  classification  of  details,  the  foundation 
layout,  and  the  system  of  order  sheets  for  getting  work  into  and 
through  the  shops.  This  is  a  feature  which  very  strongly  affects 
some  of  the  finishing  touches  to  a  drawing,  for  it  is  so  easy  to  omit 
a  "few  last  things  "  and  turn  in  an  uncompleted  sheet.  Every 
draftsman  knows  how  many  little  things  come  up  toward  the  close 
of  a  job  involving  complete  drawings  of  a  machine,  and  how 
strong  the  tendency  is  to  omit  them,  and  relieve  himself  of  some- 
what tedious  details.  The  result  is  irritation  and  delay  when  the 
drawings  get  into  the  shop,  and  they  return  to  the  drawing  room 
to  be  fixed  up  at  a  time  probably  inconvenient  for  all  parties  con- 
cerned. A  good  draftsman  will  turn  in  a  complete  set  of  complete 
drawings.  It  is  highly  important  that  the  student  grasp  this  idea, 
and  study  his  work  accordingly. 

DUPLEX   PUMP   PLATES. 

The  typical  set  of  plates  chosen  for  this  book  in  fulfillment  of 
the  above  purposes,  takes  up  the  study  of  a  simple,  duplex  steam 
pump.  This  particular  type  of  machine  represents  the  simplest 
and  most  elementary  form  of  the  steam  engine  in  modern  use  in 
respect  to  valve  gear  and  controlling  devices.  It  is  not  an  eco- 
nomical machine,  yet  its  principles  lie  at  the  foundation  of  the 
economical  high-speed  engine,  the  latter  being  produced  througli 
a  modification  of  the  uneconomical  valve  gear  such  as  is  found  on 
a  pump  of  the  type  chosen,  rather  than  through  any  radical  change 
of  construction  as  to  the  body  of  the  machine.  Hence  the  study 
of  a  steam  pump  may  well  precede  that  of  higher  forms  of  the 
steam  engine.  It  is  hoped  that  the  study  will  so  interest  the  stu- 
dent that  he  will  bo  led  to  further  investipjation  and  development 
not  only  of  the  steam  engine  itself,  hut  of  that  highly  important 
division  of  modern  engineering, — pumping  machinery. 

Thus  we  note  another  point  of  advantage  in  the  study  as  out- 
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lined.  The  power  end  of  the  machine  introduces  us  to  the  steam 
engine ;  the  load  end  is  the  beginning  of  the  engineering  of  pump- 
ing machiiieiy. 

Rating  of  Pump.  A  steam  pump  is  rated  by  the  bore  of  its 
cylinders  and  length  of  stroke,  all  being  given  in  inches.  A 
"  16  X  8^  X  12  pump"  means  that  the  steam  cylinder  is  16  inches 
in  diameter,  the  water  plunger  8|  inches  in  diameter,  and  the 
nominal  length  of  stroke  12  inches.  These  sizes  are  always  given 
in  the  same  order,  beginning  with  the  diameter  of  the  smallest 
cylinder  (in  case  there  is  more  than  one),  then  the  diameter  of 
water  plunger,  the  common  stroke  of  both  being  placed  last. 
This  expresses  to  the  mechanic  the  rating  of  the  pump  in  the 
clearest  style  and  briefest  language. 

The  pump  illustrated  here  is  designed  for  standard  service, 
operating  under  a  steam  pressure  not  to  exceed  100  pounds  per 
square  inch,  water  pressure  not  to  exceed  150  pounds  per  square 
inch,  and  the  rated  capacity  based  on  an  average  piston  speed  of  100 
feet  per  minute  being  about  550  gallons.  This  requires  that  each 
side  of  the  pump  shall  handle  275  gallons,  and  being  double  act- 
ing, shall  make  100  reversals  or  50  double  strokes  per  minute. 

Plate  A.  Steam  End  Layout.  This  plate  illustrates,  as 
nearly  as  reproduction  can  accomplish,  the  pencil  layout  of  the 
steam  end.  It  is  the  first  work  of  the  designing  draftsman. 
The  drawing  as  shown  is  exactly  the  type  of  layout  which  he 
would  turn  over  to  a  detail  draftsman,  wnose  duty  it  would  be  to 
work  up  detail  shop  drawings  therefrom. 

The  character  of  this  drawing  should  be  carefully  studied. 
Remember  that  it  is  a  layout,  nothing  more  ;  also  bear  in  mind 
that  it  is  an  exact,  measurable  working  sketch.  Attention  is  called 
to  the  sharpness  of  the  lines,  especially  to  the  clean-cut  intersec- 
tions. Note  the  boldness,  dash  and  businesslike  style,  the  free- 
hand crossHsection  lines  roughly  put  in.  There  is  no  hesitation  or 
worry  as  to  where  the  end  of  a  line  shall  be,  or  whether  it  crosses 
other  lines  which  it  theoretically  should  not.  The  intersections 
are  allowed  to  indicate  the  termination  of  lines,  and  the  rough 
section  lines  pick  out  the  parts  and  separate  them  clearly  to  the 
eye.  There  is  the  spirit  in  this  layout  of  confident,  definite  and 
rapid  action,  with  no  thought  for  absolute  finish  in  line-work,  but 
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with  every  thought  for  absolute  results  as  to  measurable  dimen- 
sions. 

Tlie  data  for  the  production  of  Plate  A  by  the  student  are 
rather  more  complete  than  he  would  usually  find  in  practice. 
Plates  E,  F  and  G  show  many  details  fully. 

The  steam  cylinder  and  head,  however,  as  shown  in  Plate  G, 
are  not  dimensioned,  and  the  student's  problem  is  to  produce  this 
plate  complete,  with  finish  marks,  dimensions  and  necessaiy  daU 
for  a  working  drawing.  In  order  to  do  this  it  is  first  necessary 
to  work  up  Plate  A  with  exactness,  in  pencil,  and  see  that  all 
parts  go  together  properly.  Then  the  detail  of  cylinder  and  head 
may  be  made  separately  by  measurement  of  the  layout  drawing, 
and  Plate  G  produced. 

For  this  work  the  ordinary  brown  detail  paper  is  very  satis- 
factory. A  hard  lead  pencil  is  necessary,  as  hard  as  6H,  and  the 
point  must  be  kept  well  shaipened. 

There  are  two  general  rules  of  action  in  producing  a  drawiuix 
which  give  the  answer  to  the  question  which  oftenest  confronts 
the  beginner:  "What  is  to  be  done  first?"  or  "  What  is  to  be 
done  next?  ''     These  rules  are  : 

1.  Draw  everytliiii<jj  that  is  i)ositively  kuown. 

2.  Work  from  the  inside  to  tlie  outside. 

Every  problem  lias  some  positive  data,  assumed  or  calcuiaied, 
to  start  with.  The  iirst  thing  to  do  in  every  case  is  to  get  this 
data  represented  by  lines  on  the  paper.  An  expert  designer  has 
been  heard  to  say  that  until  he  had  spoiled  the  blankness  of  his 
sheet  of  paj)er  l)y  some  lines,  he  could  not  design.  There  is  sonie- 
tliinjj^  in  this :  and  almost  invariably  the  first  line  to  draw  is  a  hori- 
zontal center  line  somewhere  near  the  middle  of  the  sheet;  draw 
it  I  Draw  it  at  once  without  hesitation,  and  the  layout  ^  bejj^uii. 
We  now  have  something  about  which  to  build. 

Jn  this  case  the  designer  would  fii-st  calculate  the  size  of  the 
piston  rod,  and  determine  the  fastening  to  the  piston.  Jle  would 
then  draw  the  rod  and  build  a  hub  around  it.  He  w^ould  next 
calculate  the  width  or  thickness  of  piston  and  size  of  packing" 
lin^^s.  and  draw  the  two  vertic^al  lines  5  inches  apart,  to  indicate 
the  piston  faces.  These  lines  would  be  limited  by  the  cylinder 
bore,  which  he  knows  to  be  10   inches;  hence  horizontal  lines  16 
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inches  apart,  parallel  to  and  symmetrical  with  the  center  line,  are 
the  next  to  be  drawn.  Shoi-t  vertical  lines  indicate  the  location 
(if  the  packing  rings.  As  the  nominal  travel  of  the  piston  is 
to  be  12  inches,  the  location  of  the  piston  and  rings  can  be 
shown  on  both  sides  of  the  central  vertical  line  at  the  limits  of 
travel.  A  clearance  must  exist  between  the  heads  and  the  piston 
(in  this  case  ^  inch  is  allowed),  hence  the  lines  of  the  lieads  can 
be  drawn,  and  the  general  inside  outline  of  tlie  cylinder  barrel  is 
complete. 

This  is  all  in  direct  application  of  the  foregoing  rules,  and  is 
so  simple,  natural  and  direct  that  it  hardly  requires  such  explicit 
statement.  We  have  simply  taken  such  data  as  we  had  and  put 
it  on  paper,  placing  it  where  it  can  be  seen  from  all  sides,  and 
where  the  mind  is  relieved  of  the  labor  of  carrying  it. 

If  the  student  will  only  appreciate  this  one  rule  and  draw  all 
he  knows  about  the  problem,  he  is  well  on  his  way  to  its  solution. 
Draw  everything  you  know,  and  work  for  what  you  donH  know,  is 
what  these  two  rules  say,  and  the  first  question  to  arise  should  be : 
**  Have  I  drawn  everything  that  is  known  about  the  problem?" 
licfore  he  asks  himself  or  any  one  else :  "  What  shall  I  do  next?" 

One  other  rule  might  be  added  to  these  two :  Keep  dunensiona 
in  even  figures,  if  possible.  This  means  that  small  fractions  should 
be  avoided.  It  is  just  as  easy  to  bear  this  point  in  mind,  and 
save  the  workman  much  annoyance  and  chance  of  error,  as  it 
is  to  disregard  this  matter.  Even  figures  constitute  one  of  the 
trade-marks  of  an  expert  draftsman.  Of  course  a  few  small  frac- 
tions, and  sometimes  decimals,  will  be  necessary.  Remember, 
however,  that  fractions  must  in  every  case  be  according  to  the 
common  scjile;  that  is,  in  sixteenths,  thirty-seconds,  sixty-fourths, 
etc. ;  never  in  thirds,  fifths,  sevenths,  or  such  as  do  not  occur  on 
the  common  machinist's  scale. 

A  systematic,  definite  mode  of  treatment  on  these  lines  must 
l)ecome  a  habit,  so  that  all  problem^,  liowcver  complicated,  can  be 
approached  with  confidence  in  tiie  same  way.  It  is  the  drawing  of 
one  line  which  makes  clear  the  dmwing  of  the  next  and  sub- 
sequent lines ;  and  the  most  serious  obstacle  which  the  student  is 
likely  to  set  for  himself  is  trying  to  see  the  whole  problem  through 
from  the  beginning.  Even  an  expert  cannot  do  this,  but  allows 
the  layont  to  develop  results  as  he  proceeds. 
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The  details  of  the  piston  and  rod  being  given  in  Plate  E,  the 
foregoing  work  is  very  easy  for  the  student.  The  thickness  of 
the  barrel  and  lieads  being  detennined  (|  inch  in  this  case),  the 
exterior  outline  may  be  partially  drawn.  The  fixed  head  at  the 
yoke  end  must  be  thicker  than  this,  in  order  to  receive  the  yoke 
and  stuffing-box  bolts  without  breaking  through.  The  recesses 
or  counterbores  at  either  end  of  the  cylinder  should  be  so  located 
that  the  packing  rings  run  over  the  edge  a  little  at  the  end  of  the 
stroke,  thus  preventing  the  wearing  of  a  shoulder  by  the  pistou 
stopping  in  the  same  place  every  time.  The  counterbore  should 
be  deep  enough  to  allow  reboring  the  cylinder  without  the  counter- 
bore  being  touched  by  the  tool.  In  this  way  the  counterbore  is 
retained  to  center  the  cylinder  at  its  original  location. 

The  size  of  steam  ports  having  been  calculated,  they  may  be 
drawn  in,  the  turns  being  made  easy  and  as  direct  as  possible. 
The  height  to  valve  seat  must  be  kept  at  the  lowest  limit  consist- 
ent with  sufficient  metal  between  and  outside  of  the  ports.  As  the 
detail  of  the  ports  might  be  somewhat  troublesome,  it  is  shown  in 
an  enlarged  sketch  for  the  student's  benefit.  Chipping  or  filing 
strips  ^  inch  high  are  left  on  the  port  edges,  which  must  be  true, 
in  order  to  finish  them  up  easily. 

The  three  inner  ports  are  for  exhaust,  the  outer  ones  for 
admission  of  steam.  This  five-ported  cylinder  is  peculiar  to  the 
direct  acting  steam  pump,  it  being  a  device  to  effect  the  cushion- 
ing of  the  piston  at  tlie  end  of  the  stroke,  thus  preventing  the 
piston  from  striking  the  heads.  This  is  necessary,  since  no  posi- 
tive limit  of  motion  exists,  as  is  the  case  in  machines  with  crank 
and  connecting  rod. 

When  the  edge  of  the  piston  has  passed  the  outer  edge  of  the 
exhaust  port,  as  shown  in  Fig.  1,  tlie  steam,  which  has  been  exhaust- 
ing through  port  A,  is  confined  in  space  B  and  port  C,  and,  being 
compressed  by  the  piston,  acts  like  a  spring  to  retard  its  motion. 
If  the  point  P  is  properly  determined  for  a  given  speed,  the  piston 
will  always  compress  the  steam  just  enough  to  cause  it  to  stop  at 
the  end  of  tlie  nominal  stroke ;  in  this  case,  |  inch  from  the  head. 
It  is  evident,  liowever,  that  at  different  speeds  the  piston  will  have 
more  or  less  power  to  compress  the  steam,  and  will  not  stop  at  the 
point  desired.     This  cause's   the   trouble  of   "  short  stroke,**  and 
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consequent  inability  to  make  the  pump  work  to  its  full  capacity. 
Now  if  we  connect  ports  A  and  C  by  a  small  opening  shown 
dotted  at  D,  and  control  this  opening  by  a  plug  valve  operated  by 
hand  from  the  outside,  we  can  let  a  little  steam  le;ik  by  into  port 
A,  thus  reducing  the  cushion  and  allowing  full  stroke. 

In  order  to  avoid  complicating  the  drawing,  no  cushion  valves 
are  shown  or  required  to  be  put  on  by  the  student.  They  are  not 
customary  in  small  pumps,  but  might  advantageously  be  put  on 
the  present  illuatratiou. 


The  valve  seat  must  be  a  scraped  surface,  while  the  chest 
face  need  not  be;  hence  the  latter  is  finiribed  J  inch  lower,  Tliia 
also  gives  a  ledge  against  which  the  steam  chest  fits,  thus  securing 
positive  location. 

The  bolting  of  the  heads  and  tlie  steam  cliest  should  allow  a 
width  of  packing  inside  of  the  bolts  of  J  to  |  inch,  otherwise  there 
is  danger  of  the  steam  blowing  out  tiie  i)acking  and  causing  teak- 
^e  around  the  bolts.  The  bolts  tlo  not  fill  the  holes,  tlie  latter 
being  drilled  lai^e,  from  -j'g  to  J  inch.  The  spacing,  if  wider  than 
5  or  6  inches,  is  likely  to  permit  springing  of  tlie  flanges  between 
the  holts,  and  consequent  leakage.  Bolts  less  tiian  §  inch  diame- 
ter are  not  desirable,  as  thoy  can  be  easily  twisted  off  with  an 
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ordinary  wrench.     In  this   case   the  cylinder  head  takes  |-inch 
bolts,  the  yoke,  stuffing-box  and  gland,  |-inch. 

The  flanges  of  heads  and  cylinders  are  usually  from  25  per 
cent  to  50  per  cent  thicker  than  the  body  of  the  casting. 

Drips,  \  -inch  pipe  tap,  to  be  fitted  with  cocks,  are  necessary 
at  both  ends  of  the  cylinder  to  readily  drain  the  cylinder  of  water. 

Molding  of  Steam  Cylhider.  The  design  is  often  influenced 
by  the  way  in  which  the  piece  is  to  be  cast.  It  often  takes  but  a 
sliglit  change  of  design  to  save  many  dollars  in  pattern  making  and 
foundry  work.  Hence  the  habit  should  be  formed  of  always  judg- 
ing the  design  of  a  piece  from  the  foundry  standpoint.  In  this 
case  it  is  evident  that  the  ports  and  cylinder  bore  must  be  cored 
out,  and  the  most  obvious  position  of  molding  is  to  lay  the  cylinder 
on  its  side,  the  parting  line  of  the  flask  being  along  a  vertical 
plane  running  lengthwise  through  the  middle  of  the  cylinder. 
This  permits  the  chest  flanges  to  draw  nicely,  likewise  the  ribs  on 
the  foot,  and  allows  the  thin  curving  port  cores  to  stiind  tnlirewist* 
in  the  mold. 

Another  method  of  molding  would  be  with  the  valve  seat 
down.  This  would  involve  loose  pieces  for  the  chest  flanges,  and 
setting  of  cores  for  the  cylinder  foot.  It  would,  however,  assnn* 
souiul  metal  beyond  question  at  the  valve  seat.  Spongy  nu^tal  at 
the  iiiiporlant  weaiiii^^  surfaces,  the  valve  seat  and  cylinder  bore, 
is  not  ])ei-inissihle  in  anv  case,  and  care  in  moldinsf,  and  jrood 
(lesit^m,  is  necessary  for  good  results. 

All  corners  must  be  carefullv  filleted,  and  chunks  of  metal 
must  be  avoided,  especially  where  st^veral  walls  or  ribs  join, 
riie  metal  must  be  ki^pt  of  average  uniform  tliickness,  so  that  tht» 
whole  castinLT  ^vill  cool  uniformly. 

M'U'li'niliKi  uf  Str^iin  C//Iin(Icr.  The  boring  may  be  done  on 
11  vertical  borini^  mill,  the  heavy  arm  carrvinnr  the  tool  beimr 
thrust  down  unsupported  into  the  cylinder,  the  latter  being  rotiUed 
bv  the  tabl(>  to  which  it  is  clam])ed.  If  the  horizontal  lK)rinii 
machine'  be  used,  the  hole  throucfh  the  inside  head  for  the  stuilinL*" 
box  must  be  laro-e  enoui;!!  to  permit  a  stiff  boring  bar  to  be  passeci 
throuL^di.  'I'his  allows  a  support  at  each  end  of  the  bar,  to  take  the 
si  laiu  of   the  cut. 

The  pljine  surfaces  may  be  finished  on  a  reciprocating  planer 
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or  a  rotaiy  phiner.  In  the  latter  ctuse  it  is  desirable  to  keep  all 
lugs  or  projections  Uick  from  iiiiished  surf  aces,  to  permit  the  large 
round  head  which  carries  the  cutters  to  pass  over  them  without 
interference. 

The  drilling  of  standard  machine  parts  of  this  character  is 
usually  done  through  jigs,  or  plates  cariying  hardened  steel  bush- 
ings laid  out  to  correspond  with  the  holes  required,  and  through 
which  the  drill  is  guided.  These  plates  are  located  by  some  fixed 
line  or  lug  on  the  casting,  and  then  clamped  fast,  thus  assuring 
exact  duplication  and  rapid  drilling,  and  avoiding  the  tedious 
laying  out  of  the  holes.  In  order  to  save  changing  the  drill  it  is 
desirable,  if  possible,  to  maintain  the  same  size  of  hole  on  any 
given  surface.     Of  couree  it  is  not  always  admissible  to  do  this. 

Plate  Q.  Steam  Cylinder.  After  the  exact  and  complete 
development  of  the  steam-end  layout,  the  student  should  be 
pretty  thoroughly  acquainted  with  the  details  of  the  cylinder. 
All  the  work  thus  far  has  been  entirely  for  his  own  information, 
to  get  his  ideas  in  visible  shape,  so  that  he  himself  can  have  a  per- 
manent record  of  them.  This  layout,  however,  is  Jiot  in  suitable 
form  to  finish  up  into  a  detail  drawing.  Its  sketchy  nature  and 
the  confusion  of  parts,  especially  if  attempt  were  made  to  add 
dimensions,  would  render  it  somewhat  difficult  to  be  read  by  a 
workman  taking  it  up  as  an  unfamiliar  subject.  Hence  it  is  now 
necessary  to  separately  detail  the  parts,  with  the  object  in  view  of 
transferring,  in  the  simplest  and  most  direct  manner,  specific  infor- 
mation to  the  workman  which  will  enjible  him  to  construct  the 
several  parts.  It  is  not  enough  now  that  the  drawing  be  clear  to 
the  man  who  makes  it ;  it  must  be  clear,  absolutely  clear ^  to  the 
shop  mechanic,  who  has  no  means  of  knowing  the  designer's  plans 
except  through  the  information  which  the  drawing  gives  on  its 

face. 

This  requires  that  the  draftsman  should  put  himself  in  the 
workman's  place,  and  forestall,  by  the  explicit  nature  of  liLs  draw- 
ing, all  possible  questions  which  may  arise  in  the  shop.  In  this 
way  only  can  he  hope  to  avoid  erroi*s  of  construction  and  the  con- 
tinual annoyance  of  endless  explanation  of  his  orders. 

Plate  G  is  to  be  a  finished  drawing,  and  the  fii-st  thing  to  do 
is  to  lay  out  the  sheet.     The  standard  sheet  for  details  which  has 
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been  adopted  is  18  X  24  inches  trimming  size,  with  ^  inch  margin 
all  round,  so  that  the  working  space  is  17  X  23  inches.  The  rec- 
tangle for  the  title  is  to  be  laid  oflE  2^  X  4  inches  in  the  lower 
right-hand  corner,  and  must  never  ba  altered,  either  in  size  or 
position.  This  does  not  mean  that  other  sizes  are  wrong,  but 
once  a  standard  system  is  adopted  it  must  be  strictly  adhered 
to,  both  for  artistic  and  commercial  reasons.  The  scale  to  which 
the  drawing  is  to  be  made  is  indicated  in  the  title  comer  on  every 
plate. 

The  scales  permissible  for  shop  drawings  in  the  United  States 
are  those  readily  derived  from  the  common  foot  rule,  such  as 
full  size,  6  inches  =  1  foot,  3  inches  =  1  foot,  IJ  inches  := 
1  foot.  These  are  the  most  common,  most  easily  read  from  an 
ordinary  scale,  and  one  of  these  can  usually  be  adopted.  The 
student  should  learn  to  read  these  from  an  ordinary  scale  without 
being  confined  to  a  special  gradui\tion.  To  do  this  it  is  not 
necessary  to  divide  each  dimension  by  2,  4  and  8  to  get  half  size, 
quarter  size,  or  eighth  size,  and  then  lay  down  the  result.  For 
half  size,  or  6  inches  =  1  foot,  ^  inch  on  an  ordinary  rule  repre- 
sents 1  inch.     Hence,  each  half  inch  may  be  read  as  1  inch,  and 


its  subdivisions  accordingly,  thus : 
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For  3  inches 


1  foot,  or  quarter  size,  |  inch  represents  1  inch,  and  looks 


thus: 
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For  li  inches  =  1  foot,  or  eighth  size. 


J  inch  represents  1  foot,  and  looks  thus  : 
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is  very  easy  to  get  accustomed  to  this,  and  it  saves  much  time 
and  trouble  hunting  up  a  special  scale  every  time. 

The  other  allowable  scales,  less  common,  but  sometimes 
necessary  on  large  work,  are  1  inch  =  1  foot,  |  inch  :=  1  foot,  | 
inch  =  1  foot,  I  inch  =  1  foot,  ^  inch  =  1  foot,  and  |  inch  = 
1  foot.  To  use  these  scales  conveniently,  special  graduation  is 
desirable. 

The  genei*al  arrangement  of  the  sheet,  number  of  views  and 
approximate  space  occupied,  should  be  blocked  out  first.  This  can 
easily  be  done  from  the  original  layout.     In  general,  several  cross- 
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sections  are  preferable  to  a  single  view,  which  involves  many 
dotted  lines.  Dotted  lines  are  very  convenient  for  showing  invisible 
parts  of  an  object,  but  they  are  often  abused,  and  the  drawing 
of  a  complicated  piece  made  indefinite  and  confused  thereby.  As 
already  slated,  a  working  shop  drawing  is  solely  to  convey  infor- 
mation to  the  workman  at  the  least  possible  cost.  A  careful 
consideration  of  this  will  settle  the  question  of  the  number  of 
views  necessary,  their  character,  and  the  amount  of  dotted  line 
work  desirable. 

Never  let  the  drawing  become  the  master;  always  be  master 
of  the  drawing.  Do  not  draw  an  extra  view  if  no  use  can  be 
seen  for  it.  Do  not  put  in  dotted  lines  if  the  detail  is  completely 
shown  without  them.  Full  lines,  or  lines  which  show  visible  por- 
tions must,  of  course,  be  shown  completely. 

The  nature  of  the  pencil  work  on  Plate  G  should  be  the 
same  as  on  the  original  layout;  viz.,  sharp,  definite  lines  and  posi- 
tive intersections.  Above  all  things  learn  the  habit  of  accurate 
workmanship,  for  it  will  save  many  errors  and  a  vast  amount  of 
time.  The  draftsman  must  check  himself  at  every  Ihie  he  draws. 
Slight  errors  in  scaling  will  often  throw  parts  out  of  proper  rela- 
tion to  each  other,  and  interferences,  which  the  dni\ving  does 
not  show,  will  lu'come  apparent  only  when  the  parts  get  into  tlie 
niaehiiiisrs  IkiikIs. 

It  is  d;inL^^rr()ii>;  practiee  to  project  across  from  one  view  to 
the  other.  It  only  takrs  a  sliglit  irregularity  or  spring  in  tlie  T- 
scpiare  to  vary  the  lotMtinn  of  lines  very  perceptibly  from  where 
iIk^v  slionld  be,  and  once*  out  of  scale  from  this  reason  it  is  almost 
inn)Ossil)l(»  to  work  a  view  with  anv  certainty.  Rather  than  pro- 
jeel  across  from  view  to  view,  tiie  princij^al  lines,  at  least,  should 
he  scaled  off  on  each  view,  and  it  will  he  found  that  in  the  end 
time  will  he  saved  and  y-reater  accuracy  secured. 

Jt  is  not  economical  of  time  to  finish  one  view  before  begin- 
ning anollier.  It  is  belter  to  take  some  single  detail  of  the  draw- 
ing and  develop  it  in  all  vii^ws,  in  onh^r  to  study  it  from  all 
sides.  What  is  completed  in  one  view  may  be  found  to  be  totally 
wrong  when  develoj)ed  from  am»tlier  side,  and  the  time  spent  on 
the  first  \[r\v  will  be  wliolly  wasted.  For  example,  in  the  present 
ease  the  steam  ports  should  he  drawn  in  side  elevation,  end  eleva- 
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tion  and  plan,  and  when  thus  completed  the  mind  can  leave  them 
and  in  a  similar  fashion  take  up  the  study  of  the  flanges,  then  the 
cylinder  foot,  and  so  on.  Thus  again  the  draftsman  is  master  of 
his  drawing,  for  he  is  continually  making  it  tell  him  whether  he  ' 
is  right  or  wrong.  If,  on  tlie  contrar}',  he  allows  himself  to  look 
at  but  one  side  at  a  time,  and  works  from  that  standpoint  alone, 
it  may  lead  him  into  many  difficulties  from  which  he  cannot 
readily  extricate  himself. 

Do  not  be  afraid  to  use  the  eraser.  The  draftsman  who 
hesitates  to  draw  until  he  is  positive  that  no  change  will  be  neces- 
sary, is  likely  to  spend  the  greater  portion  of  his  time  in  unprofit- 
able dreams,  for  he  is  attempting  the  impossible.  A  drawing  is  a 
means^not  an  end;  and,  as  has  been  already  pointed  out,  it  greatly 
assists  the  draftsman  in  clearing  up  many  doubtful  questions  which 
the  imagination  alone  cannot  do. 

A  bold  attack  of  a  problem  shows  the  quickest  path  to  its 
solution,  even  if  lines  must  be  erased  again  and  again.  It  is  a 
sign  of  serious  lack  of  ability  to  hesitate  in  the  use  of  pencil  and 
eraser. 

Attention  is  called  to  the  simple,  straightforward  character 
of  Plate  G.  Notice  the  almost  entire  absence  of  dotted  lines ;  the 
enlarged  section  through  the  ports,  giving  ample  opportunity  for 
dimensions  without  confusion ;  the  use  of  a  half  end  elevation  and 
a  half  cross-section, —  the  one  to  make  clear  the  flange  and  bolt 
layout ;  the  other  to  show  the  exhaust  opening,  the  small  auxiliary 
views  (drawn  at  convenient  points)  t)f  the  exhaust  flange  layout, 
the  cylinder  foot  and  the  drip  boss. 

A  steam  cylinder  is  a  fairly  complicated  casting;  and  it  would 
be  an  easy  matter,  by  the  use  of  elaborate  views,  the  dotting  in  of 
parts  already  completely  shown,  and  careless  line  work,  to  rob 
this  drawing  almost  entirely  of  its  clearness  and  directness  of 
illustration.  Just  what  is  necessary  (for  clearness'  sake)  and  no 
more  (for  cheapness'  sake),  is  the  whole  matter  in  a  nutshell,  and 
is  what  determines  its  shop  and  commercial  value. 

Dimensions  and  Letters.  A  good  line  drawing  can  be 
spoiled  by  poorly  arranged  dimensions  and  hasty  lettering.  The 
five  principal  points  to  bo  kept  in  mind  to  develop  excellence  in 
this  respect  are : 
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(1)  System. 

(2)  Accuracy. 

(3)  Clearness. 

(4)  Completeness. 

(5)  Character. 

System.  The  habit  of  system  in  placing  figures  and  letters 
on  a  drawing  is  the  one  element  which,  to  a  large  extent,  controls 
all  the  others.  If  the  systematic  habit  is  established  early,  the 
other  requirements  will  be  fulfilled  more  easily.  A  haphaz;ird 
method  will,  on  the  contrary,  just  as  surely  prevent  the  successful 
cultivation  of  the  ability  to  figure  a  drawing.  In  fact,  if  the  hap- 
hazard habit  is  continued  it  will  itself,  by  the  dissatisfaction  which 
it  causes,  soon  compel  the  draftsman  to  change  his  occupation. 

In  the  first  place,  whatever  part  of  a  machine  detail  is  to  ho 
dimensioned,  that  particular  part  should  receive  attention  until  it 
has  been  completely  figured.  Do  not  jump  from  one  point  to  an- 
other, putting  in  a  figure  here  and  another  there.  Stick  to  one 
thing  until  it  is  done. 

For  example,  take  Plate  F  and  the  simple  detail  of  the  steam 
pipe.  Suppose  we  start  with  one  of  the  square  flanges.  The  first 
question  is:  "Where  is  this  flange  located?"  This  is  answered 
by  the  dimensions  5  inches  and  21-inch  centers,  which  refer  the 
face  of  tlie  flange  to  the  center  of  the  pipe  and  the  flanges  to  eacli 
other.  The  next  question  is  : ''  What  are  the  tliree  dimension^  "f 
the  flange, —  length,  breadtli  and  thickness?"  Tliij*  is  readily 
answered  as  shown  on  the  drawing.  The  next  question  is  :  •'  Whit 
further  description  is  necessary  to  completely  specify  the  siiapo  cf 
the  flange?"  This  is  answered  by  the  radius  of  the  corners,  1 
inch  R.  Next,  '"What  drilling  or  special  feature  exists  in  tb- 
ilange?"  This  is  answered  by  J^^-inch  drill,  3.V-inch  centers,  and 
the  letter/ to  denote  that  tlie  face  is  to  be  finished. 

The  round  flange  of  this  pipe  is  approached  and  fliiciired  in 
the  same  way,  except  that  the  lo(jation  of  the  face  is  preferably 
referred  to  the  face  of  the  square  flange  by  the  figure  8 J  inches, 
instead  of  to  the  center  of  the  pipe,  because  the  planer  hand  will 
more  naturally  use  this  figure. 

These  flanges  are  now  to  be  connected  by  a  pipe  involving 
two  sizes.  The  main  pipe  is  3  inches  diameter  inside,  4  iiiehe> 
outside,  and  |  inch  thick,  running  into  the  two  branches  by  fillets 
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and  radii,  as  figured.  The  two  branches  are  really  one  pipe,  2| 
inches  inside,  3^  inches  outside,  ^  inch  thick,  and  sweeping  down 
into  the  square  flanges  by  4-inch  radius. 

This  systematic  method  takes  longer  to  explain  than  to 
actually  execute,  but  it  is  typical  of  the  train  of  thought  which 
must  be  followed  on  all  pieces,  simple  or  complicated,  in  order 
to  properly  place  dimensions. 

In  general,  it  may  be  stated  that  all  parts  of  a  piece  must  be 
referred  either  to  each  other,  or  to  some  common  reference  line,  or 
to  both.  Each  part  so  referred  must  then  be  figured  as  a  piece  by 
itself,  and  then  its  connections  to  the  principal  structure.  Thus, 
figuring  a  machine  detail  involves  three  things: 

(1)  Relative  location  of  its  parts. 

(2)  Proportions  of  these  parts. 

(3)  Proportions  of  connecting  members. 

As  in  the  original  design  of  a  piece  so  in  the  figuring  of  it, 
the  draftsman  must  as  far  as  possible  put  himself  in  the  place  of 
the  workman,  judging  the  methods  and  processes  of  construction 
and  available  tools.  This  will  largely  influence  the  arrangement 
of  the  dimensions.  Of  course  it  implies  considerable  experience 
in  shop  work,  which  some  students  do  not  possess.  He  can  begin 
none  too  early,  however,  to  learn  to  look  at  his  work  from  the 
shop  sUmdpoint,  and  surely  make  it  some  better  on  that  account. 

Pieces  must  not  only  be  systematically  dimensioned,  but 
regularly  specified  and  called  for  by  suitable  titles. 

A  title  should  specify  at  least  three  things: 

(1)  Name  of  piece. 

(2)  Number  wanted  for  one  machine. 
(S)    Material. 

To  these  might  be  added  a  fourth;  viz.,  pattern  or  piece 
number.  The  latter  is  not  specified  on  the  drawings  under  dis- 
cussion, because  systems  of  pattern  and  piece  numbering  are  so 
varied  that  little  would  be  gained  by  developing  one  for  this 
special   study. 

These  titles  should  always  be  put  on  in  the  same  way,  as  the 
workmen  become  used  to  a  certain  system  and  are  likely  to  mis- 
understand directions  if  a  regular  plan  is  not  followed.  A  good 
way  to  arrange  titles  is  suggested  on  the  plates,  although  there 
are  others  which  might  be  used. 
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Bolts  are  usually  specified  by  diameter  and  length  under  the 
head,  the  length  of  thread  being  to  some  standard  system  in  iiso 
by  the  shop,  unless  otherwise  called  for.  Bolts  are  specified  on 
the  sheet  containing  the  piece  into  which  they  are  tapped.  In  tlie 
case  of  through  bolts,  tapped  into  neither  piece,  they  are  prefenibly 
called  for  in  connection  with  the  principal  member. 

A(H*ura<:f/.  Of  course  the  dimensions  on  a  drawing  must  lie 
accurate.  It  is,  however,  a  very  easy  matter  to  make  errore. 
To  insure  accuracy  a  figure  must  7iever  be  put  down  carelessly, 
and  a  constant  watch  nuist  be  kept  that  scaled  figures  add  u[)  to 
over-all  dimensions.  It  will  not  do  to  rely  on  sciding  alone,  as  a 
very  slight  variation  from  exact  scale  may  throw  two  dimensions 
out  with  each  other.  In  spite  of  all  the  care  that  can  be  exe> 
cised  errors  will  creep  in,  and  a  final  thorough  checking  must  l)e 
given  a  drawing  before  it  is  pronounced  complete.  A  good  rule 
to  follow  in  checking  up.  is  to  "assume  everything  wrong  until  ii 
is  proved  to  be  right." 

Clearness,  As  in  the  line  drawing  itself,  there  must  be  ulfcso- 
lute  clearness  of  instruction  by  the  dimensions.  Any  doubt  as  to 
what  a  figure  is,  or  what  it  means,  rules  out  that  figure  as  part  of 
the  (liawing.  If  a  })iec('  is  made  wrong  because  clou])t  of  this 
cliaiacttT  is  transmit  ted  to  tlie  workman,  the  draftsman  is  alwavs 
lield  responsihh*  for  tlie  error. 

KiL^nins  should,  in  all  oases,  bo  placed  where  they  can  Ik* 
most  clearly  read.  Tiicv  sliould  be  bunched  on  a  sinirle  view  as 
far  as  })os-;il>lc,  l)Ui  not  wlien  greater  clearness  demands  tliat 
another  view  l>e  used.  It  liiu(lei*s  the*  reading  of  a  drawincr 
materially  ii  llie  eye  is  for.^ed  to  jump  over  large  spaces  of  tl;" 
sheet  from  view  to  view,  to  catcli  the  several  dimensions  of  a  smali 
detail.      Usually  it  is  easy  to  so  o-roui)  fii^ures  as  to  avoid  this. 

It  is  a  l;'(K){1  })lau  to  keep  dimensions  off  the  body  of  the  diaw- 
incf.  when  it  can  Ik*  done  so  conveniently.  It  is  not  worth  while, 
however,  to  i^o  out  of  one's  way  to  do  this,  as  tigiu'es  in  the  open 
spaces  of  a  detail  do  not  at  all  destroy  its  cleai-ness. 

Kxtendcd  notes  on  a  drawing  to  make  it  clear  should  not  Ik* 
reciuircd,  hut  tlu'V  should  \n'  used  without  hesitation  if  anv  doubt 
exists.  An  e\[)licil  note  of  instruction  is  the  final  I'esourct*  for 
clearness  wlun  tlie  art  of  drawing  fails  of  its  purpose,  as  it  sonu^ 
tiines  iloes. 
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Completeness,  A  detail  is  completely  dimensioned  when  it 
sliows  all  the  figures  necessary  for  the  workman.  Anything  short 
of  this  is  incompleteness.  As  modern  shops  hold  the  draftsman 
solely  responsihle  for  the  design,  the  mechanic  is  not  allowed  to 
modify  it  hy  filling  in  any  omitted  dimensions.  The  only  way  to 
be  sure  that  all  the  dimensions  are  on  is  to  systematically  go  all 
round  a  piece  inside  and  ont,  according  to  the  method  suggested 
nnder  the  paragraph  on  ^'System." 

It  is  a  good  plan  to  always  l)ear  in  mind  that  not  only  tlie 
machinist  is  to  use  the  drawing,  but  also  the  pattern  makei*.  For 
the  benelit  of  the  latter,  special  attention  is  desirable  in  figuring 
the  cores.  This  saves  him  some  addition  and  subtraction.  In 
general,  it  has  been  found  that  less  chance  of  error  exists  if  mathe- 
matical work  is  not  required  of  the  shopman,  all  necessary  datii 
being  furnished  on  the  face  of  the  drawing. 

Chararter,  \\y  character  in  figuias  and  letters  is  meant  uni 
form  style,  height  and  slope,  and  a  certain  boldness  peculiar  to 
the  work  of  the  expert  draftsman.  The  last  is  difiicult  for  the 
novice  to  acquire.  The  student  should  not  be  discouraged  be- 
cause his  efforts  do  not  look  like  impressions  from  prmters'  tyi)e. 
Artistic  excellence  is  the  result  of  long  experience,  but  is  based  on 
character.  If  the  student  can  once  get  character  into  his  work, 
the  artistic  feature  will,  with  careful  tand  constant  practice,  gradu- 
ally develop.  It  is  safe  to  say  that  there  is  no  one  element  of  a 
drawing  which  more  positively  stamps  it  as  the  work  of  an  amateur 
than  the  character  of  the  lettering,  and  every  attention  should  be 
paid  to  getting  out  of  the  apprenticeship  stage  in  this  respect. 
Freehand  letU^ring  only  is  permitted  in  the  drawings  illustrated 
herewith.  Ruled  letters  are  seldom  found  on  any  working  draw- 
ings, as  the  element  of  time  involved  is  so  great  that  fev  shops 
are  willing  to  pay  for  it. 

Uniform  style  requires  that  if  capitals  only  are  used  in  titles, 
they  only  nuist  be  used  in  notes  and  elsewhere  on  the  drawing.  If 
lower-Ciise  lettei*s  are  used,  they  must  \ye  used  in  every  part  of  the 
drawing.  One  style  should  not  be  mixed  with  another.  The  height 
of  the  letters  should  be  limited  by  two  horizontal  lines,  and  though 
practice  may  render  the  upper  line  unnecessaiy,  it  bikes  l);it  an 
instant  to  draw  it,  and  uniform  height  is  then  assured.     A  good 
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lieiglit  for  titles  of  details  such  as  are  illustrated  is  3V  inch.  The 
height  once  chosen  should  be  adhered  to  throughout  the  whole  set 
A  medium,  not  a  hard,  grade  of  pencil  (3H)  will  gfive  the  hand 
greater  freedom.  A  great  temptation  exists  to  omit  titles  from  the 
pencil  drawing,  simply  inking  them  on  the  tracing.  This  is  false 
economy  of  time,  for  in  the  end  it  will  be  found  that  enough  time 
will  be  saved  by  the  certainty  with  which  the  tracing  can  be  made 
to  more  than  pay  for  the  labor  on  the  pencil  diuwing.  Again,  it 
permits  the  trachig,  in  regular  shop  practice,  to  be  made  by  cheaper 
labor  than  that  which  produced  the  pencil  dmwing. 

Uniform  slope  is  most  easily  acquired  by  the  use  of  guide 
lines  put  in  at  frequent  intervals.  A  small  wooden  triangle  can 
be  made,  giving  the  required  angle^  The  angle  of  the  letters 
shown  on  the  plates  is  9  degrees,  or  about  1  inch  slope  in  6  inches. 
The  question  as  to  whether  letters  should  incline  backwards,  for- 
wards, or  stand  vertical,  does  not  enter  this  discussion.  Character 
is  not  affected  by  the  clopG.  The  student  may  choose  whatever 
comes  most  natural  to  him,  but  having  chosen,  the  character  of 
his  work  will  be  spoiled  if  he  varies  it.  The  most  difficult  of  the 
three  is  the  vertical  style;  hence  most  draftsmen  incline  their 
letters.  The  backward  slope  is  used  on  the  plates  of  this  shop 
(Iniwinjj!;  ])a])er,  thus  nivin<jf  the  student  opportunity  to  comj)are 
\vith  plates  in  the  earlier  hooks,  and  follow  his  preference. 

The  effect  of  change  of  style,  height  and  slope  is  sliown  in 
Fii^^s.  2,  3  and  4,  resj)eL'tive]y.  Attention  is  called  to  Fig.  5,  which 
is  a  sample  title,  in  which  tliesc  points  are  corrected. 

Priiicipal  Titlrs.  The  principal  title  of  a  drawing  should 
conUiiu  at  least  seven  items: 

(1)  Xamc  of  principal  details  bIiowd. 

(2)  Name  of  machine. 

(3)  Firm  name  and  location. 

(4)  Scale  of  drawing. 

(5)  Date  of  completion. 
(0)  Draftsman's  sijrnaturo. 
(7)  Filin<^^  number. 

To  these  are  often  added  others,  hut  for  purposes  of  filini;  an<l 
reference  the  above  at  least  7niist  be  put  on.  The  tiling  number 
may  or  may  not  he  |)nl  in  the  title  frame,  but  it  is  really  a  part  of 
it.      It  is  often  j)ut  in  the  niartrin  below  the  title. 
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An  arrangement  of  title  should  be  established  and  then  fol- 
lowed exactly,  without  varmtion  either  aa  to  location  on  slieet  or 
detail  make-up.  Abbreviated  words  are  always  permissible  in 
titles,  provided  the  mean- 


Pig.  2. 
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ing  is  clear.  Speeiiil  care 
must  be  taken  in  punctua- 
tion, however,  as  a  title, 
whether  abbreviated  ornot, 
has  an  unfinished  appi^ai- 
ance  if  tlie  periods,  commas 
and  other  necessary  punc- 
tuation marks  are  not  in* 
eluded. 

The  sample  title 
illustrated  in  Fig.  5  indi- 
cates the  arraiigemen  t 
chosen  for  the  drawings  of 
Part  IV.  Note  that  it  is  necessary  in  this  special  case  to  add  an 
extra  subject  to  tlie  seven  given  above;  viz.,  the  residence  of  the 
student  draftsman. 

Tills  style  of  title  must  be  put  with  care  on  every  drawing, 
even  on  the  rough  pencil  layouts.  In  tlio  latter  case  it  may  of 
course  be  left  in  pencil,  as  the  rough  layouts  are  not  to  bo  inked. 
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Inklns  and  Tracing.     Both  bond  paper  and  tracii 
used  iu  business  practice  for  Huished  drawings.     It  is 
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keep  a  stock  of  both  in  any  drawing  office,  so  that  either  may 
be  used  as  occasion  requires.  Bond  paper  stretched  on  the 
board  gives  a  beautiful  surface  to  take  the  ink,  and  very  handsome 
and  effective  detail  or  assembled  drawings  can  thus  be  produced. 

Changes  are  not  quite  as  readily  made  on  bond  paper  as  dii 
tracing  cloth,  and  it  takes  a  little  longer  to  make  the  blue  print. 
In  oilier  ways  the  lx)n(l  paper  is  not  quite  as  flexible  to  use  as 
the  tracing  cloth.  However,  one  must  be  guided  entirely  by  shop 
conditions  to  settle  the  question  of  preference.  As  tlie  tracing 
cloth  is  generally  used,  and  suits  the  pui'pose  of  the  student 
better,  it  will  be  recjuired  in  this  work. 

'I'he  inking  should  be  done  on  the  rouf/h  side  of  the  cloth. 
One  reason  for  choosing  this  side  is  that  as  the  cloth  tends  to  curl 
under  toward  the  glazed  side,  the  drawing  as  it  lies  right  side  up 
will  tend  to  straighten  itself.  This  seems  to  be  a  small  point,  but 
it  is  a  very  important  advantage  for  filing  and  for  the  convenience 
of  those  who  are  to  handle  the  dniwings.  Also  the  rough  side 
taki's  colors  and  inks  better  than  the  glazed  side.  To  trace  (m  the 
glazed  side  is  not  wrong,  for  it  is  often  done,  but  it  possesses  no 
advantages  of  its  own,  and  has  the  disadvantage  mentioned  alM)ve. 

Chalk  dust  scattered  over  the  suiface  of  the  cloth  after  it  i> 
tacked  down  will  remove  the  slightly  greasy  coatinLf  which,  prc- 
V(Mils  ilic  ink  from  llowini^^  well  from  the  pen.  This  is  alwa\s 
neo.ssarvil  tlie  Lila/.cd  side  be  used,  and  usually  for  the  lonud*. 
side.       riic  clialk  nni>t  be  cari^fully  removed  from  the  cloth  Ix-foiv 

inkinir. 

The  lirsi  step  in  inl<ing  is  to  draw  the  center  lines.  Remeir.- 
ber  that  nrruriitr  intrrs.ciiona  are  of  the  utmost  importance.  N-^ 
circle  is  complete  widiout  two  intersivting  lines,  ju'eferably  at  '.*  ' 
dei:!('e>.  to  determine  its  center,  and  these  lines  should  be  inked 
hefoi'e  thi»  ciicle.  \\  hcii  this  is  <lone  a  definite  ]K>int  i\\i>ts  fni 
the  nceille  i)oiiit  of  th<'  com|Ki^<cs.  If  the  circle  is  drawn  lir>t  ih«' 
nei'dle  |)oinl  iimv  not  ln'  ijl.Mced  accuratelv  at  the  center  on  tiie 
peie'il  (hawing  beneath,  and  the   location  be  thrown  out. 

Likewise  the  princi|»al  center  lines  of  piece>,  the  lines  around 
wh;<-!i  the  pencil  drawino;   was  built  Uji^siiould    be  at   once  put   in. 

'i'h««  nmin  body  of  the  drawine;.  tlif  full  lines,  should  bi'  takm 
next.       Ill  o-ene!:il.  circle's  and   arcs  should  be  inked  first,  Imt  there- 
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are  cases  where  it  is  easier  to  rim  the  arcs  into  the  straight  lines 
than  to  match  the  straight  lines  to  the  arcs.  They  are  exceptions, 
however,  and  can  be  judged  only  as  the  case. arises. 

Straight  lines,  horizontal  and  vertical,  should  be  inked  with 
the  T-square  and  triangle  zn  position.  It  is  a  common  practice  to 
dispense  with  the  use  of  the  T-square  entirely  in  inking  in,  using 
the  triangle  to  match  the  lines  to  the  arcs  already  drawn.  A 
necessity  for  this  implies  very  poor  work  on  the  arcs,  for  "wdlh 
any  reasonable  care  true  horizontal  and  vertical  lines  will  match 
the  arcs  all  right.  With  regard  to  time  required,  the  accuracy 
with  which  the  T-square  may  be  brought  up  to  a  line,  or  the  tri- 
angle set  on  the  T-square,  more  than  makes  up  for  the  time 
gained  in  even  an  approximate  setting  of  the  triangle  without  a 
guide.  It  is  jast  as  easy  to  cultivate  the  habit  of  holding  the  T- 
scjuare  and  triangle  with  the  left  hand  and  the  pen  with  the  right, 
and  draw  an  exact  line,  as  to  lapse  into  the  other  method,  which 
is  not  workmanlike. 

The  lines  of  the  body  of  the  drawing  depend  for  their  width 
upon  the  siz^  of  the  detail.  For  a  large  piece  they  may  be  ^V  inch 
wide,  and  the  shade  lines  -^^  inch.  For  a  small  detail  such  widths 
would  be  too  great.  Remenil)er  that  contrast  is  the  principal  aim, 
and  to  produce  it  is  the  only  reiuson  why  we  use  different  kinds  of 
lines  on  a  drawing.  Hence  the  greatest  care  must  be  exercised  to 
prevent  body  lines  from  becoming  confused  with  center  or  dimen- 
sion lines,  and  vice  verm.  Also  thick  lines  are  desirable  for  the 
p»*oduction  of  a  bold  blue-print. 

Shade  lines  are  shown  on  Plates  I,  K  and  N  only.  They  are 
put  on  according  to  principles  already  explained.  They  certainly 
improve  the  drawing  from  an  artistic  standpoint,  and  the  student 
should  know  how  to  put  them  on  when  desired.  Whether  or  not 
it  is  desirable  to  adopt  them  on  all  working  drawings  is  not  the 
purpose  of  this  book  to  decide,  or  even  discuss.  Almost  always 
drawings  can  be  made  perfectly  clear  without  them,  and  are  so 
made  and  satisfactorily  used  in  prolxibly  the  majority  of  shops. 
Some  shops  are  willing  to  pay  for  the  extra  time  necessary  to  put 
on  shade  lines;  this,  however,  is  purely  their  own  investment. 

Cross-section  lines  are  usually  drawTi  at  an  angle  of  45 
degrees  with  the  horizon lai,  and  on  sections  which  are  adjacent 
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to  each  other  the  slope  should  be  in  <U£Fei-eiit  directions.  II  Uiioe 
or  more  sections  come  together  the  width  between  section  lines 
can  be  so  changed  Jis"  to  indicivte  clearly  the  different  parts.  An 
example  of  tliis  is  shown  in  Fig.  6, 

The  spacing  of  section  lines  must  not  be  too  fine,  rarely 
closer  than  -^^  inch,  more  often  from  ^  to  ^  inch,  else  the  labor 
involved  is  too  great  and  uniformity  practically  impossible.  It  is  » 
waste  of  time  to  rule  in  section  lincB  on  the  pencil  drawing ;  they 
may  l>o  sketched  in  freehand,  as  shown  on  the  original  layout  of 
the  steam  cylinder.  Even  spacing  concerns  the  tracing  alone, 
and  the  student  should  train  his  eye  to  regularity  as  he  faces 
The  thickness  of  section  lines  may  be  intermediate  between  that 
of  center  lines  and  body  lines  of  the  drawing. 

[nkinn  DimcnsionB  and  LetterB.  Extension  Unea  may  bi- 
dntu'd,  as  cxiitained  in  Part  III, 
or  Uiey  may  be  fine,  full  lines, 
the  latter  method  being  ilhis- 
trati'd  in  tlie  Eerii.»s  of  ]mnip 
jiliilt'S  in  tliia  jMiiHT.  ]>init'n 
.licm  lilies  aru  also  oft^n  made 
fine,  full  linos.  If  these  lines  are 
made  full  they  slionld  be  made 
Rf.  fine  as  It  is  possilili;  to  draw 
them  and  still  havis  tlieni  fiim, 
clear  hties.  Tlie  same  width 
plioiiM  Ims  iiscfl  a-i  f'lr  eeiiter  lines- 

Cliai-actcr  in  inked  figures 
and  letters  is  rnoris  ililVieult  to 
attain  tijan  in  pencil  work.  In 
the  lir:^t  j'laec  a  pen  suitable  to 
the  style  of  dniwiiijr  is  necessary.  A  civil  engineer's  fine  mai* 
pii.^  pen,  wliiih  j,'ives  cJiaraeter  to  his  drawing,  is  not  desindile  iti 
proihicing  tlie  Imld  cliaraeter  of  a  niacliine  drawing.  For  tlie 
latter  ehoo.sc  a  vatlier  stiff,  blunt  pen  which  is  not  ■'Bcratcti>, 
but  runs  smoothly,  making  a  line  of  uniform  width.  A  pen  with 
a  round,  or  bidl-sliajiid  nib,  recently  put  on  the  market,  answers 
the  purpose  well  for  oriiiiiary  details.  A  bold,  fifC  stroke  shmild 
lie  made  with  the  idea  of  producing  a  smooth,  even  line,  finished 
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ftt  the  first  trial.  The  hesitating  uncertainty  of  the  beginner  s 
hand  produces  a  "shaky**  letter,  and  going  over  a  letter  or  figure 
twice  or  more  to  smooth  it  up  usually  makes  it  worse. 

Figures  and  letters  which  are  broad  in  proportion  to  height 
are  easier  to  make,  and  have  more  character.  It  should  never  for 
a  moment  be  forgotten  that  uniform  height  and  slope  carefully 
followed  will  develop  character  and  quickly  lead  to  artistic 
excellence. 

Foot  and  inch  marks  are  often  put  after  figures  according  to 
the  common  usage.  In  cases  where  feet  and  inclies  are  expressed, 
thus:  3'  —  6'',  or  4' —  O'',  they  are,  of  course,  absolutely  necessary, 
and  the  dash  between  the  figures  must  be  very  positively  indi- 
cated. In  cases  of  inch  dimensions  alone  the  marks  may  be  put 
on  if  desired,  but  where  there  can  be  no  doubt  that  inches,  and 
not  feet,  are  meant,  the  inch  marks  are  not  necessary.  This  prac- 
tice is  followed  on  the  plates  of  this  paper. 

Abbreviations.  A  list  of  the  most  common  abbreviations  in 
use  on  working  drawings  follows.  This  list  has  been  adopted  for 
the  plates  in  Part  IV: 


F.  A.  O finished  aU  over. 

/. finished  surface. 

K radius. 

D diameter. 

K.  H ri^ht  hand. 

L.  H left  hand. 

P.  R piston  rod. 

P.  TAP pipe  tap. 

CTRS centers. 

CI.     ............  cast  iron. 

S.  C.     ............  steel  caj;ting. 

Bz.    . bronze. 

C.  R.  S cold  rolled  steel. 

T.  S tool  steel. 

O.  n.  S open  hearth  steel. 

W.  I.    .   .    . wroutrht  iron. 


'f->' 


Plate  E.  Piston  Rod  and  Valve  Stem.  The  piston  is  of 
the  one-piece  box  type,  with  sprung-in  rings.  The  width  is  re- 
duced to  4 J  inches  at  the  outside,  so  that  if  the  piston  strikes  tho 
cylinder  heads  it  will  not  tend  to  spring  and  break  off  the  narrow 
ridge  of  metal  outside  of  the  packing  ring.  The  piston  rod  is 
fastened  to  the  piston  on  a  taper  drawn  in  by  a  nui,  and  the 
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nut  is  checked  by  a  ^-incli  split  pin.  The  packing  rings  are  pre- 
vented from  slipping  round  the  piston  byJugs  fitting  loosely  in 
chipped  recesses  in  the  groove.  These  being  at  opposite  sides  for 
each  groove,  the  leakage  of  steam  through  the  split  in  the  ring  is 
minimized,  for  it  must  pass  half  way  round  the  piston  before  it  can 
pass  through  the  split  in  the  other  ring.  This  is  a  simple,  but 
fairly  efifective,  device. 

The  packing  rings  are  usually  cast  in  the  form  of  a  cylinder 
of  some  length,  turned  to  a  diameter  a  little  larger  than  the  cylin- 
der bore,  cut  off  to  the  required  width,  and  sufficient  space  cut 
out  to  permit  being  sprung  in  to  the  size  of  cylinder  bore. 

The  location  of  the  spool  on  the  piston  rod  is  not  positively 
known,  as  the  setting  of  the  valve  bracket  may  be  slightly  differ- 
ent from  what  the  drawing  calls  for.  Hence,  instead  of  a  dimen- 
sion, the  words  "  measure  for "  are  put  on,  to  indicate  that  the 
spool  be  located  during  the  erection  of  the  pump.  Tlie  hexagonal 
flanges  of  the  spool  are  convenient  to  hold  the  rod  from  turning 
while  screwing  on  the  piston  and  plunger  nuts. 

Molding  and  Machining,  There  are  no  special  features  con- 
nected with  the  molding  and  machining  of  parts  on  Plate  E.  The 
holes  in  the  piston  side  walls  are  necessary  to  give  supports  for 
the  core,  the  piston  being  cast  on  its  side.  These  holes,  after  the 
core  is  cleaned  out  through  them,  are  plugged  as  indicated. 

Plate  F.  Steam  Chest  and  Valve.  The  steam  chest  in 
this  instance  is  located  on  the  cylinder  by  fitting  down  over  the 
ledge  made  by  the  valve  seat.  The  side  flanges  also  serve  the 
purpose  of  guiding  the  valve.  It  will  be  noticed  that  the  steam 
chest  cover  is  15J  inches  X  H^  inches,  while  the  steam  chest  is 
15  inches  X  11  inches.  This  allows  a  ledge  of  \  inch,  all  around 
which  the  cover  overhangs  the  walls  of  the  client.  The  steam 
cylinder  flange  in  order  to  correspond  must  likewise  be  15J  indices 
X  11 J  inches.  The  reason  this  is  done  is  because  of  the  dilliculty 
of  making  good  matched  joints  between  the  cylinder  flango,  chest 
and  cover.  The  practice  of  thus  leaving  a  litth^  ledge  all  round 
is  by  no  means  univei*sal,  and  often  the  irregularity  in  the  joints 
is  smoothed  off  by  chipping.  This  is  the  case  with  the  other 
flanges  on  this  pump.  The  steam  chest,  however,  was  thought 
less  likely  to  match  pro{)erly,  and  the  slight  overhang  gives  the 
fiDished  ap{)earance  of  a  sort  of  beaded  edge. 
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The  valve  is  what  is  known  as  a  "square  "  slide  valve.  This 
means  that  when  the  valve  is  placed  central  on  the  ports  its  work- 
ing edges  are  '^  square  "  with  the  ports  ;  that  is,  in  exact  line  with 
them.  If  the  valve  be  moved  either  way  from  this  position,  the 
slightest  travel  will  admit  steam  to  one  end  of  the  cylinder  and 
exhaust  it  from  tlie  other.  (See  Plate  A.)  Another  way  of  stating 
this  is  to  say  that  a  "square"  slide  valve  is  a  slide  valve  without 
"lap." 

The  valve  is  driven  from  the  valve  stem  by  the  striking  of 
the  nuts  against  the  lug  on  its  top.  Since  the  valve  is  already 
guided  on  its  edges  by  the  steam-chest  flange,  the  valve  stem,  to 
avoid  springing,  must  be  perfectly  free  in  the  slot  cast  for  it,  as  is 
shown  by  the  |-inch  radius  of  the  bottom,  the  stem  being  1  inch 
in  diameter. 

The  steam-pipe  flange  is  made  square  to  keep  the  height  of 
the  chest  as  low  as  possible.  The  radius  of  the  bend  should  be 
ample  ;  in  this  case  4  inches  Is  considered  sufficient. 

The  exhaust  tee  must  have  its  upper  flange  high  enough  so 
that  the  chest  cover  can  be  lifted  and  slipped  off  the  studs  without 
interfering  with  it.  The  lower  flanges  should  be  made  wide 
enough  to  permit  the  tap  bolts  to  be  put  in  without  striking  the 
4-inch  vertical  pipe,  5-inch  centers  being  necessary.  The  |-inch 
drip-cock,  as  located,  readily  drains  the  steam  chest  and  exhaust 
passage  of  both  cylinders,  as  well  as  the  exhaust  tee. 

Molding,  It  is  evident  that  the  steam  chest  will  be  molded 
in  the  position  shown  on  the  drawing.  Tiie  parting  line  of  the 
mold  will  be  tlirough  the  centers  of  the  steam-pipe  opening  and 
the  stuffing-box.  These  holes  must  be  cored  out.  The  main  body 
of  the  chest  could  be  made  to  leave  its  own  core,  but  it  may 
not  be  made  in  this  way.  It  may  be  cheaper  to  fashion  tlie  pattern 
solid,  and  nijike  one  large  core-box  for  the  inside.  In  this  way 
the  pattern  will  probably  hold  its  shape  better  and  require  less 
repaii-s,  than  if  it  were  made  in  green  sand.  The  core-box  will  be 
an  extra  piece  to  mike,  but  it  probably  will  cost  no  more  than  to 
carve  out  the  inside  of  the  pattern,  and  is  a  rather  more  substantial 
job  when  done.  The  molding  can  be  satisfactorily  done  by  either 
method,  shop  conditions  being  the  controlling  element.  As  far  as 
the  labor  of  molding  alone  is  concerned,  the  first  method  is  prob- 
ably ejusior,  as  it  saves  handling  large  cores. 
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The  other  parts  in  Plate  F  are  very  simple  in  their  molding, 
and  require  no  special  attention. 

Machining.  Most  of  the  surface  work  on  this  plate  is  adapted 
to  the  planer.  The  slide  valve  may,  perhaps,  if  finished  in  lots  of 
considerable  number,  be  more  satisfactorily  handled  on  the  milling 
machine.  The  final  finish  of  the  face  of  the  valve  Aiust  be  a  scraped 
fit  to  its  seat. 

The  drilling  of  the  cover  and  pipe  flanges  is  to  actual  layout 
on  the  casting,  or  preferably,  thi-ough  jig  plates.  A  templet  for 
laying  out  is  at  least  desirable,  even  though  the  expense  of  a  jig 
plate  be  not  deemed  necessary. 

Plates  C  and  D.  Valve  Motion  Layout.  These  plates  rep- 
resent the  layout  of  the  valve  motion,  and  are  necessary  in 
order  to  find  the  length  of  the  levers  and  rocker  arms.  It 
will  be  noticed  in  Plate  D  that  the  Vfilve  stem  of  one  side  of 
the  pump  is  controlled  by  the  movement  of  the  piston-rod  of  the 
other  side,  the  proper  direction  of  motion  lacing  given  to  the  valvA 
by  placing  the  rocker  shaft  above  or  below  the  valve  stem  as 
required.  By  reference  to  Plate  A  it  will  be  further  noticed 
that  the  nuts  on  the  valve  stem  inside  the  chest,  which  abut 
against  the  faces  of  the  lug  on  the  valve,  do  not  rest  against  the 
faces  of  the  lug  in  the  position  shown,  but  have  considerable 
lost  motion.  This  lost  motion  is  one  of  the  essential  features 
of  the  valve  motion  of  a  duplex  pump,  and  permits  the  valve  to 
remain  at  rest  for  a  short  period  at  the  end  of  the  stroke,  though 
the  valve  stem  may  have  reversed  its  motion  and  begun  its 
return  stroke.  When  this  lost  motion  is  taken  up  by  the  move- 
ment of  the  stem  and  the  nuts  abut  against  the  lug  on  the 
valve,  the  valve  will  move,  and  from  this  point  to  the  end 
of  the  stroke  be  positively  controlled  by  the  motion  of  the  stem. 
At  the  end  of  the  stroke  the  stem  will  reverse,  when  the  lost 
motion  will  again  permit  the  valve  to  rest  for  the  same  period 
as  at  the  other  end,  and  then  move  on  as  before.  The  time  of 
rest  of  the  valve,  and  consequently  the  pistons  and  plungers,  is 
approximately  one-third  the  period  of  the  stroke.  This  means 
that  the  piston  on  one  side  travels  one-third  of  its  stroke  before 
it  picks  up,  through  the  valve  levers,  the  valve  on  the  other 
side.     During  the  second  third  of  its  travel  it  is  bringing  the 
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valve  to  the  point  of  opening.  During  the  last  third  of  its  travel 
it  is  opening  the  port,  wider  and  wider,  to  steam.  Thus  the 
opposite  piston  will  start  when  the  first  piston  has  covered  two- 
thirds  of  its  stroke,  and  there  will  be  only  one-third  of  the  stroke 
when  lx)th  pistons  are  moving  at  the  same  time. 

This  relative  period  of  rest  to  motion  is  not  always  made 
in  this  exact  ratio,  but  is  at  least  approximjite  to  it.  Tlie 
period  of  rest  at  the  end  of  the  stroke  is  to  allow  the  water  end 
to  adjust  itself  quietly  t)  the  reversal  of  motion  about  to  take 
place  at  the  end  of  the  stroke.  When  the  plunger  stops,  the 
water  valves  must  be  given  time  to  seat  themselves,  and  the  flow 
of  water  through  the  passages  checked.  It  is  much  etisier  to  start 
the  flow  ill  the  opposite  direction  if  the  reversal  of  plunger  motion 
is  not  instantaneous.  Hence  for  handling  long  columns  of  water, 
which,  once  in  motion,  tend  by  considerable  energy  to  remain  in 
motion,  the  duplex  pump  by  this  peculiar  delayed  action  has  been 
found  to  be  well  suited. 

It  will  be  found  that  for  complete  uncovering  of  port,  and 
motion  divisible  into  thirds  as  described,  the  travel  of  the  valve 
stem  should  be  three  times  the  width  of  port,  or  3  X  j  inch  =  2| 
inches.  A  little  more  than  this  is  allowed,  and  the  travel  made 
2J  inches  in  this  case.  Referring  to  Plate  C,  this  distance  is  laid 
off  as  shown  by  the  two  limiting  vertical  lines  across  the  line  of  the 
valve  stem,  the  central  vertical  line  of  mid-position  being  drawn. 
The  problem  then  is  to  find  such  centers  for  the  rocker  arms  that 
the  travel  of  the  piston-rod  spool  will,  through  proper  leverage, 
produce  travel  of  the  valve  stem  between  these  two  vertical  lines. 
This  can  readily  be  done  by  a  few  trials,  the  only  requirement 
for  this  case  being  that  the  extremes  of  the  arc  of  swing  of  both 
piston-rod  lever  and  rocker  arm  shall  be  equally  above  and  below 
the  center  of  piston  rod  and  valve  stem  respectively.  The  greatest 
possible  travel  of  the  piston-rod  spool,  12^  inches,  is  usually  laid 
out  in  this  case,  not  the  nominal  12  inches. 

From  this  layout  the  lengths  of  the  levers  and  arms  may  be 
scaled  off  for  the  detail  drawing,  also  the  location  of  the  rocker- 
arm  centers.  The  student  has  the  former  given  him  on  Plate  K, 
but  the  latter,  which  is  necessary  for  the  development  of  Plate  L, 
must  be  determined  by  his  own  layout.     Plate  D  must  also  be 


448 


c^iigJpF, 


MECHANICAL    DRAWING.  41 

laid  out  before  developing  the  cross-section  of  the  valve  bracket. 

The  design  of  stuffing  boxes  for  both  steam  and  water  ends, 
and  the  length  of  the  yoke,  should  be  determined  next.  A  safe 
method  of  assuming  clearance  between  the  spool  and  the  gland 
studs  at  the  end  of  the  stroke,  is  to  imagine  that  the  gland  stud 
nuts  have  accidentally  worked  off  the  studs,  so  that  they  are  about 
to  drop.  They  are  thus  shown  by  dotted  lines  on  Plate  C.  A 
good  clearance,  say  J  inch  to  i  inch,  is  then  allowed,  and  the  gland 
drawn  in.  The  length  of  the  gland  is  determined  by  the  number 
of  rings  of  packing  necessary  in  the  stuffing  box;  it  is  usually  pro- 
vided that  the  gland  may  compress  the  packing  to  about  one-half 
its  original  depth  before  bringing  up  against  the  face  of  the  box. 
Packing  |  inch  square  v/ill  do  for  this  size  of  piston  rod,  hence 
the  faces  of  the  yoke  are  easily  determined,  and  its  detail,  with 
the  stuffing  boxes,  proceeded  with  as  on  Plate  L.  The  k^igtli  of 
yoke  may  be  brought  to  an  even  figure;  and  proceeding  on  the 
above  plan  the  length  can  be  conveniently  made  in  even  inches 
without  any  fractions;  viz.,  28  inches. 

It  will  be  noticed  that  the  stuffing-box  flanges  serve  to  center 
the  yoke  in  line  with  the  steam  and  water  cylinders.  This  is  a 
desirable  feature  of  construction,  and  forms  a  simple  and  easy 
method  for  lining  up  the  steam  and  water  ends. 

Plate  K.  Valve  Motion  Details.  The  piston-rod  levers  on 
this  plate  are  specified  to  Ije  steel  forgings.  Forgings  of  this  kind 
are  expensive,  but  are  light,  neat  and  reliable  for  the  important 
service  which  they  have  to  perform.  Ciistings,  whether  steel  or 
iron,  are  much  cheaper,  and  perhaps  more  commonly  used  for  this 
detail.  When  sound  they  are  equally  serviceable,  though  of  more 
clumsy  proportions ;  but  the  danger  in  castings  of  tliis  form  is  the 
existence  of  hidden  flaws  or  pockets,  which  frequently  occur  at 
the  points  where  the  hub  or  the  fork  joins  the  arm.  These  flaws 
cannot  be  readily  detected  from  the  outside,  and  breakage  may 
occur  at  some  critical  time,  when  the  disability  of  the  pump  may 
be  a  serious  matter. 

The  use  of  shade  lines  is  illustrated  on  this  plate.  The 
increased  artistic  effect  is  noticeable,  but  it  would  seem  tha; 
absolute  clearness  would  still  exist,  even  if  shade  lines  were  not 
used. 
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It  will  be  noticed  that  on  the  detail  of  the  ^'  link  pin  "  two  of 
the  dimensions  have  a  short  "wavy"  line  beneath  the  figures. 
T'liis  is  one  of  the  several  ways  of  indicating  that  the  dimension 
is  "out  of  scale."  Some  draftsmen  use  a  straight  djish  l)eiieath 
the  figure;  some  draw  a  circle  about  it;  some  print  after  the 
figure,  "  out  of  scale."  Although  workmen  are  not  allowed  to 
scale  drawings,  but  are  required  to  "  work  to  figures  only,"  yet 
for  general  safety's  sake,  and  for  the  sake  of  the  draftsmen  who 
consult  the  drawings  frequently,  attention  must  be  called  to  any 
variation  of  the  figure  from  the  measured  distance  on  the  drawing. 
Nothing  makes  a  workman,  or  any  one  else  who  reads  a  shop 
drawing,  lose  confidence  in  it  more  quickly  than  to  discover  that 
it  does  not  "scale";  but  when  no  indication  exists  that  the  drafts- 
man himself  is  aware  of  it,  then  every  dimension  is  viewed  with 
doubt  and  hesitiition,  and  the  drawing  becomes  piactically  worth- 
less. 

Dimensions  seldom  should  be  out  of  scale  ;  but  if  they  are, 
through  er^pr  or  necessary  change,  a  carefully  worded  note  should 
be  added. 

Molding  and  Machining,  No  special  features  of  molding  or 
machining  are  noteworthy  on  Plate  K. 

Plate  L.  Yoke,  Stuffing-boxes,  Bracket,  etc.  Having  worked 
up  the  layouts  of  Plates  C  and  D,  the  student  has  enough  infoima- 
tion  to  proceed  with  Plate  L.  This,  like  Plate  G,  is  without 
dimensions,  the  student's  work  being  to  make  the  drawing  and  fill 
in  the  necessaiy  shop  data. 

The  valve-lever  bracket  is  bolted  down  to  its  lug  on  the  yoke 
through  holes  larger  than  the  bolt,  thus  permitting  slight  adjust- 
ment. When  the  proper  location  is  determined,  the  bracket  is 
positively  fixed  in  position  by  two  dowels,  \  inch  in  diameter. 
The  holes  in  botli  bracket  and  yoke  are  drilled  through  both  pieces 
at  the  same  opei*ation.  This  very  commi)n  method  of  fixing  bolted 
parts  of  machinery  in  absolute  position  not  only  assures  firnmess, 
but  also  in  case  of  removal,  permits  the  part  to  be  readily  and 
positively  replaced  in  its  exact  o»"'gin:d  position. 

If  possible,  the  steam  cylinder  cricket  should  be  of  such 
height  that  the  stone  or  brick  work  upon  which  it  rests  shall  be  at 
the  same  level  as  that  beneath  the  water  cylinder.     The  tapped 
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holes  in  the  top  surface  receive  bolts  from  the  cylinder  foot 
These  bolts  are  often  used  only  for  shipping  purposes,  the  cylinder 
foot  when  the  pump  is  set  up  being  allowed  to  slide  freely  on  the 
cricket,  thus  permitting  free  expansion  and  contraction.  In  such 
cases  the  water  end  is  rigidly  fastened  to  the  foundation  by  hold- 
ing down  bolts. 

Molding  and  Maclmiing.  The  valve  lever-bracket  would 
most  naturally  be  molded  with  the  axes  of  the  shafts  vertical,  the 
parting  line  of  the  mold  being  the  center  line  of  the  middle  web. 
This  makes  quite  a  long  "  draw "  for  the  shaft  bosses,  but  the 
am[)le  taper  on  the  outside  overcomes  this  difficulty.  Tlie  space 
between  the  side  webs  leaves  its  own  core.  The  shaft  cores  stand 
on  end  in  the  mold,  whicli  is  the  best  position  for  strength  and 
stability. 

Another  method  is  to  have  the  parting  line  of  the  mold  on 
the  vertical  center  line  of  the  bracket,  as  shown  in  the  end  view. 
In  this  case  the  bracket  would  be  cast  on  its  side,  and  cores  must 
be  set  for  each  side  of  the  middle  web.  The  shaft  cores  are  set 
as  easily  as  before,  but  in  this  case  lie  flat.  As  with  the  steam 
chest,  each  method  has  its  advantages,  which  depend  largely 
upon  existing  conditions.  As  cored  work  is  generally  avoided 
whenever  j)ossil)le,  the  first  method  would  probably  be  chosen. 

The  shaft  ])osses  are  ''  chamber-cored,''  to  save  labor  in  bor- 
iuLT,  the  ])(»arinir  surface  for  the  shaft  being  only  a  short  distance 
at  the  ends.  The  chamber-core  diain(*ter  should  be  enough  larger 
than  the  shaft  so  that  by  no  possibility  can  the  cutter  run  into  the 
rough  seale,  even  if  the  hole  be  bored  slightly  out  of  line.  If  it 
should  do  this,  the  la])or  of  caring  for  the  cutters  more  than  offsets 
the  attempted  saving  of  labor. 

The  yoke  is  simy)]y  a  barrel  open  at  each  end,  and  with  a 
piece  cut  out  of  its  side.  The  inside  evidently  must  be  cored  out, 
and  the  core  is  satisfactorily  supported  at  the  ends  on  its  horizontal 
axis.  The  parting  line  of  the  mold  may  be  either  the  vertical  or 
iiorizontal  axis  of  the  end  view,  the  only  difference  being  that  in 
one  case  the  ledge  for  the  valve  bracket  will  "-draw,"  and  in  the 
other  ease  it  must  be  loo>e  on  the  pattern  and  '' pulled  in"  after 
the  main  pattern  is  drawn. 

The  cricket  and  stutling  boxes  present  no  difficulties.     The 
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bore  of  the  stuffing  boxes  and  glands  should  be  from  ^^  inch  to  J^ 
iixijh  larger  than  the  rod,  to  allow  the  lit  to  be  entirely  between  the 
rod  and  the  packing. 

Tlie  horizontiil  boring  machine  with  a  double  facing  head  is 
adapted  to  boring  and  facing  the  yoke  flanges.  The  drilling  is 
accomplished  as  before  by  templet  or  jig. 

Attention  is  called  to  the  tapped  holes  for  oil  or  grease  cups 
on  the  valve-lever  bracket.  The  holes  on  the  lower  boss  cannot 
be  drilled  strictly  as  shown,  because  the  drill  shank  will  not  clear 
the  upper  boss.  They  should  be  swung  around  the  boss  at  such 
an  angle  as  will  allow  the  drill  to  clear.  This  is  a  good  instance 
of  tlie  common  error  of  drawing  details  which  cannot  be  made,  and 
constant  watch  must  be  kept  to  avoid  such  mistakes. 

Plate  B.  Water  End  Layout.  As  in  the  preceding  work, 
Plates  H  and  I  being  given  in  full  detail  offer  a  good  start  for 
the  development  of  the  water  cylinder,  which  is  the  purpose  of 
Plate  B.  As  before,  work  should  begin  at  the  inside  and  progress 
outwards.  Thus  the  piston  rod  with  its  nut  should  be  drawn  first, 
the  hub  of  the  plunger  built  around  it,  then  the  plunger  barrel, 
the  bushing,  and  ring  to  clamp  the  bushing.  The  limits  of  the 
plunger  travel  should  be  sketched  in,  and  the  valve  outline  shown 
in  order  to  determine  clearances.  The  progress  of  Plate  R  is  on 
exactly  the  same  basis  as  that  stated  in  detail  for  the  steam  cylin- 
der layout ;  hence  it  need  not  be  repeated. 

The  points  controlling  the  design  of  the  water  end  must, 
however,  be  studied  to  enable  the  student  to  work  intelligently. 
The  fit  of  the  rod  into  the  plunger  hub  is  loose,  J^-inch  play 
being  allowed,  in  order  to  permit  the  plunger  to  be  guided  solely 
by  its  bushing,  and  thus  be  indepe'^.dent  of  any  change  of  align- 
ment of  the  piston  rod. 

The  relative  length  of  plunger  and  bushing  should  allow  the 
end  of  the  plunger  to  overrun  the  edge  of  the  bushing  at  the  ter- 
mination of  the  stroke,  t)  prevent  the  formation  of  a  shoulder. 
Tlie  bushing  is  made  of  brass  because  of  the  better  bearing  of 
the  two  dissimilar  metals,  brass  and  iron.  Of  course  there  is  no 
lubrication  except  the  water,  and  the  dissimilar  metals  tend  to 
"cut"  less  than  if  both  were  alike.  The  brass  busliing  also  pre- 
vents the  plunger  from  *•  rusting  in"  in  case  of  long  periods  of 
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disuse.  The  bushing  being  of  expensive  material  is  made  as  light 
as  possible,  hence  it  has  no  stiffness  of  its  own.  Therefore  it  is 
reinforced  by  a  deep  cast-iron  ring,  which  also  takes  the  bolt>  and 
clamps  the  bushing  tightly  to  its  ground  seat.  These  stud  bolts 
are  usually  made  of  "tobin  bronze,"  a  rust-proof  material,  possess- 
ing strength  almost  as  great  as  that  of  steel.  Tliis  arrangement 
permits  ready  removal  of  the  busfiing  when  necessary. 

As  the  parts  of  tlie  common  pump  valve  illustrated  in  detail 
on  Plate  H  must  be  often  replaced  during  service  of  the  pump, 
provision  must  be  made  for  unscrewing  the  ste  n  and  substituting 
i  new  one.  This  must  be  done  through  the  hand  holes  provided 
ca  the  cylinder.  The  lower  valve  deck  must  be  located  so  that  the 
inner  valves  when  unscrewed  will  not  strike  the  clamp  ring.  As 
shown  in  Plate  B  the  clearance  is  pretty  small,  almost  too  small, 
but  as  it  affects  only  two  valves,  it  will  probably  cause  no  incon- 
venience. No  hand  holes  are  necessary  for  the  end  chambers,  as 
access  to  the  valves  is  had  by  removing  the  outer  heads.  The 
upper  deck  may  be  placed  at  a  height  giving  sufficient  clearance 
to  allow  the  upper  nuts  of  the  clamp  ring  to  be  unscrewed  with  a 
socket  wrench  from  the  end  of  the  pump.  These  decks  are  sul)- 
jected  to  a  severe  pounding  from  the  pulsations  of  the  i)iimp,  and 
should  be  amply  strong;  1|  inches  is  deemed  thick  enough  for 
this  case. 

The  middle  transverse  wall  may  be  1^  inches  thick  and  the 
middle  longitudinal  wall  a  little  thinner,  about  1^  inches.  With 
high  pressures  these  walls,  being  flat  surfaces  and  the  valve 
decks  likewise,  are  likely  to  fmcture  under  the  heavy  pounding. 
To  avoid  making  them  excessively  heavy  they  are  often  strongly 
ribbed,  either  on  the  inside  or  outside,  usually  the  former. 

The  curving  side  walls  are  of  better  form  to  withstand  pres- 
sure, and  need  not  be  as  thick,  1  inch  being  sulRcient.  Tliis  can 
be  decreased  to  |  inch  in  the  suction  passage  below  the  deck, 
where  little  pressure  exists. 

The  outer  heail  is  also  considered  strong  enough  at  1  inch 
thickness,  on  account  of  its  curved  sha[)e.  It  requires  ^-incli  studs. 
Studs  are  preferred  to  tap  boUs  in  this  case,  as  in  all  other  similar 
cases,  on  account  of  the  frequent  unscrewing  of  the  nuts  for  pur- 
pose of  removal.     One  or  two  unscrewings  of  a  tap  bolt  in  axst 
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iron  will  destroy  the  tightness  of  the  thread,  while  the  stud,  being 
steel,  stands  the  wear  better. 

The  valve  seats  are  taper  screwed  into  the  deck;  they  are 
sometimes  forced  in  on  a  plain  taper  fit.  They  are  located  as 
closely  as  strength  of  the  deck  between  the  holes  will  permit.  It 
is  not  well  to  place  the  edge  of  the  valve  closer  than  ^  inch  from 
the  cylinder  walls.  The  valve  holes  in  the  lower  deck  should  be 
in  line,  or  nearly  so,  with  the  holes  in  the  upper  deck,  in  order  to 
allow  the  shank  of  the  mill  to  pass  through  when  milling  the  lower 
holes. 

The  suction  opening  is  7  inches  in  diameter,  12^inch  flange, 
10^-inch  bolt  circle,  |-inch  tapped  holes. 

By  means  of  the  hand  hole  at  the  end  of  the  suction  passage, 
any  dirt  which  may  have  been  brought  in  through  the  suction 
pipe  may  be  removed. 

The  water  cylinder  cap,  discharge  ell  and  air  chamber  may 
be  laid  out  from  the  detail  Plate  I,  and  the  student  must  do  this 
to  see  that  the  parts  actually  go  together  properly. 

With  the  foregoing  discussion  the  student  should  be  able  to 
produce  Plate  B,  which  is  the  preliminary  step  to  the  detail  draw- 
ing of  the  water  cylinder  as  shown  on  Plate  J. 

Plate  J.  Water  Cylinder.  The  water  cylinder  is,  perhaps, 
the  most  complicated  detail  that  the  student  will  meet  in  this  set 
of  plates.  Fundamentally,  it  is  simply  a  box  with  curved  sides, 
divided  by  the  several  walls  into  five  compartments,  each  of  which 
communicates  with  the  outside  by  a  round  nozzle  or  flange.  If 
this  basic  idea  be  kept  constantly  in  mind,  the  student  will  have 
no  trouble  in  building  up  the  detailed  design. 

This  fundamental  conception  of  a  complicated  piece  is  a  very 
important  idea,  and  should  be  developed  carefully  by  the  student. 
It  is  one  of  the  great  secrets  of  good  design,  both  from  an  artistic 
and  a  commercial  standpoint.  We  often  see  a  machine  which 
seems  to  begin  anywhere  and  end  nowhere;  it  appears  to  be  a 
miscellaneous  collection  of  l)osses,  lugs,  ribs  and  flanges.  There 
is  no  general  prevailing  shape  to  the  structure,  no  harmony  of  the 
lines.  This  is  because  the  designer,  if  he  may  be  so  called,  did 
not  have  the  fundamental  notion  of  shape,  to  which  all  minor 
details    should    have   been  subordinated.     He    simply    grouped 
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parts  together,  without  considering  the  fundamental    structure. 

In  this  water  cylinder  the  box  is  the  basic  part  of  the  struc- 
ture,  and  its  lines  must  be  fii-st  developed  ;  they  should  be  designed 
to  convey  a  smooth,  regular  and  consistent  surface  to  the  eye. 
Then  the  nozzles  and  flanges  may  be  added  as  subordinate  parts ; 
they  will  merely  interrupt,  but  not  destroy,  the  prevailing  outline 
of  the  box.  The  dotted  lines  in  the  cross-section  views  of  Plate  J 
show  the  general  shape  behind  and  beneath  the  nozzles. 

The  hand  holes  are  the  same  as  on  Plate  I,  and  the  detail  of 
the  cover  should  specify  the  number  required  for  both  places. 

Provision  for  draining  the  four  chambers  of  the  water  cylin- 
der is  made  by  the  |-inch  pipe  tap  holes  at  the  lower  deck,  and 
the  cap,  likewise,  by  the  single  hole  at  the  upper  deck.  Drip 
cocks  are  screwed  into  these  holes. 

The  holding-down  bolts  should  not  be  less  than  1  inch  diam- 
eter; 1^  inch  would  perhaps  be  better;  and  the  holes  in  the  foot 
should  be  drilled  at  least  ^  inch  large. 

Dimensions.  It  will  be  noticed  that  this  plate  has  dimension 
lines,  but  no  figures.  This  is  because  the  cylinder  is  rather  diflB- 
cult  to  figure,  and  it  is  desired  to  guide  the  student  in  arrangement 
of  the  figures  without  lessening  the  benefit  of  his  study  of  them. 
Special  attention  slioukl  l)e  paid  to  this  feature  of  the  plate. 
Notice  that  although  space  for  dimensions  is  restricted,  a  clear 
opening  is  always  found  for  the  figures;  and  when  one  view  seems 
to  offer  no  space  for  a  figure,  another  view  gives  the  desired 
opportunity. 

No  finish  marks  or  titles  are  shown  on  this  plate,  these  being 
left  entirely  to  the  student  for  insertion. 

Molding,  The  centers  of  the  curves  for  the  sides  being  on 
the  main  horizontal  axis  of  the  nozzles,  the  cylinder,  if  molded  to 
be  cast  vertically  as  shown,  will  draw  readily  both  ways  from  this 
line.  The  exceptions  to  this  easy  draw  are  the  foot,  suction  noz- 
zle and  flange,  and  hand-hole  boss.  On  account  of  the  inside  of 
the  cylinder  being  cored,  these  pieces  if  made  loose  on  the  pattern 
have  ample  space  to  be  *' pulled  in'*  after  the  main  pattern  is 
withdrawn. 

The  suction  passage  below  the  deck  communicates  with  the 
main  core  through  the  valve  holes,  hence  it  may  be  supported 
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from  the  main  core.  This  involves  some  difficulty,  however.  If 
a  three-part  flask  be  used,  and  another  parting  established  at  the 
center  of  the  suction  flange,  in  addition  to  the  previous  one,  %q 
problem  becomes  much  simplified. 

It  is  desirable  to  make  the  four  charabei*s  of  the  cylinder  alike 
in  geneml  proportions.  It  is  then  possible  to  make  a  single  core- 
box,  and  by  the  use  of  loose  pieces  change  the  length  of  the  noz- 
zle cores  and  transpose  from  right  to  left,  thus  saving  labor  on 
the  pattern.  This,  however,  multiplies  the  loose  pieces  on  the 
pattern.  The  many  pieces  are  likely  to  become  lost  and  make 
frequent  repair  necessary.  Hence  it  is  not  always  wise  to  use  a 
single  core  box  too  much,  and  good  judgment  is  required  to  fix 
the  limit. 

Machining.  Special  double  horizontal  boring  machines  are 
now  in  common  use  for  such  cases  as  this  water  cylinder.  The 
centers  are  made  adjustable,  so  that  within  limits  any  distance 
between  piston-rod  centers  can  be  met.  The  advantages  of  double 
boring  are,  of  course,  most  obvious  for  a  considerable  number  of 
duplicate  cylinders. 

It  will  be  noticed  that  the  face  of  the  suction  flange  is  carried 

out  flush  with  the  cylinder  head  face.     This  affords  opportunity 

for  finishing  all  tlie  end  surfaces  at  a  single  setting  of  the  tool, 

whether  the  work  be  done  on  the  rotary  or  reciprocating  planer. 

This  same  point  might  have  been  observed  on  the  small  hand-hole 

boss  at  the  other  end  of  the  cylinder,  but  the  advantage  gained 

did  not  seem  to  warrant  extending  the  **  reach  "  through  the  hand 

hole. 

Plate  I.    Water  Cylinder,  Cap  and  Air  Cliamber.     For  a 

water  cylinder  cap  of  this  size,  the  most  difficult  problem  is  to  find 
room  for  the  hand-hole  bosses.  A  hand  hole  4  inches  X  6  inches 
is  about  as  small  as  can  be  used,  and  tliis  calls  for  a  flange  at  least 
7  inches  X  9  inches.  Tliese  are  the  proportions  shown  on  the 
plate,  and  since  the  boss  overhangs  the  bolts  in  the  main-cap 
^ange,  it  must  be  cut  away  underneath  to  clear  the  nuts.  If  three 
stud  bolts  are  used  on  each  side,  this  overhang  also  requires  that 
the  nut  be  "  fed  on  " ;  that  is,  screwed  on  little  by  little  as  the  end 
of  the  stud  protrudes  above  the  flange  when  the  cap  is  being  low- 
ered into  place.  This  is  an  awkward  process,  but  is  sometimes 
necessary. 
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Tbtf  discharge  bU  sLotildliavuan  easy  btud;  usually  tln*radiiia 
IB  BOiiievrbat  more  thaa  the  outside  diameter  of  the  pipe,  lu  this 
case  50  fn^r  cent  greater.  It  is  cuatomary  on  this  piece  to  provide 
an  opt-uiug  for  t)ie  attaL'hineiit  of  a  relief  valve  as  shown,  1^- 
iuch  pipe  tap.  Thia  valve  can  he  set  lo  opeu  at  a  desired  pres- 
sure, so  that  the  water  end  may  ha  relieved  iu  case  of  accidental 
excessive  pressure. 

Tlie  air  obamber  provides  au  air  cushioa  for  the  water  to 
make  the  delivery  more  constiiut,  and  titke  the  shuck  which  would 
otherwise  come  vrith  hammer-like  force  and  full  intensity  upon 
the  cylinder.  Being  placed  at  the  iiighest  point  of  the  wat(?r  end, 
air  wilt  naturally  tend  to  collect  in  the  air  chamber  and  keep  it 
charged.  In  soma  cases,  however,  a  special  uhai'ging  device  is 
necessary. 

Maldinff  and  MacMniiiij.  The  hand  holes  being  at  an  angle 
will  not  "  draw."  Hence  cores  must  be  set  for  these  openings  at 
least,  and  it  may  he  desirable  to  core  out  the  whole  inside  of  the 
cap  for  the  sake  of  keeping  the  pattern  in  gofxl  shape  by  makini^ 
it  solid.     Otherwi:<e  it  is  easy  to  let  it  leave  its  own  core. 

The  overhang  of  the  hand-hole  bosses  requires  loose  pieces 
for  the  overhanging  pai'L  They  are  "pulled  "  in  after  the  pattera 
is  drawn. 

The  molding  and  machining  which  are  further  required  on 
details  of  Plate  I  are  simple,  and  reiiiiire  no  special  disciiaaion. 

Plate  H.  Plunger  and  Valve  Details.  Tliis  phite  ia  notice- 
able for  illustrating  a  nielliml  of  di-awing  details  not  used  else- 
where iu  this  set  "f  plates.  On  the  utlicr  plates  each  piece  is 
separately  detailed.  On  Plate  H  the  details  of  the  valve,  cover, 
seat,  stem  and  spring  me  shown  assembled,  and  dimensioned  with- 
out separation.  This  is  an  allowiihle  method  when  clearness  ia 
not  sacriliced,  but  it  is  usually  found  desirable  only  with  simple 
coustructiou.  It  concentrates  parts  on  the  drawing,  and  probably 
savett  some  time,  besides  showing  the  workman  just  how  the  parts 
go  together.  The  only  test  which  t)ie  student  need  to  apply  iu 
tliis,  as  in  any  method  of  detailing,  is  the  test  for  absolute  cleai^ 
oesH, 

It  is  believed  in  the  case  of  the  valve  na  shown  ttnit  the 
dctiuls  arc  completely  illustrated  without  sacriticing  clearness. 
Special  care  in  putting  in  dimensions  is  u£  necessity  required. 
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The  valve  stem  can  be  unscrewed  either  with  a  socket 
wrench  on  the  inside  or  an  ordinary  fork  wrench  on  the  outside. 

The  seat,  after  being  screwed  to  position  in  the  deck,  is 
often  faced  ofif,  to  true  up  any  distortion  caused  by  screwing  in. 

The  valve  itself,  of  rubber,  can  be  bought  of  any  desired  grade 
of  hardness.  The  specification  for  any  given  set  of  valves  de- 
pend upon  the  quality  of  the  water,  the  pressure  and  the  general 
service  of  the  pump. 

Molding  and  Machining.  By  reason  of  the  simple  nature  of 
the  parts  on  this  plate,  the  molding  and  machining  is  left  entirely 
to  the  original  consideration  of  the  student. 

Plate  M.  Foundation.  Pumps  are  often  set  directly  upon 
a  foundation  of  brick,  but  it  makes  a  better  job  to  bed  stones,  with 
surfaces  dressed  plane  and  true,  into  the  main  foundation,  and 
rest  the  pump  feet  upon  these  stones.  The  simplest  form  of 
holding  down  bolts  are  shown  on  Plate  M,  a  plain  hook  at  the 
lower  end,  pulling  up  against  a  flat  cast-iron  plate,  to  distribute 
the  pressure  into  the  brickwork.  These  plates  are  of  course 
bedded,  and  the  bolts  set  as  the  foundation  is  built  up.  As 
the  subsequent  courses  are  laid  some  little  space  is  left  around 
the  bolts,  which  may  be  afterwards  filled  with  cement,  thus 
making  the  bolts  rigid  with  the  foundation. 

The  water  end  of  the  foundation  has  no  batter,  because  the 
suction  pipe  often  drops  vertically  down  from  the  end  of  the 
pump,  and  clearance  is  therefore  necessary. 

The  floor  line  is  placed  4  inches  above  the  brickwork,  to 
allow  for  the  usual  1-inch  top  floor  and  2-inch  plank  beneath,  and 
still  have  a  space  left  for  shims  to  level  the  floor. 

Plate  N.  General  Drawing:.  This  is  an  example  of  a  plain, 
everyday  shop  drawing,  to  show  the  relation  of  parts  and  the 
exti^eme  space  occupied  by  the  pump.  A  great  deal  of  time  can 
be  needlessly  wasted  in  producing  a  drawing  of  this  character,  by 
trying  to  make  too  faithful  a  picture.  For  example:  If  all  the 
lK)lt  heads  were  put  in,  it  is  safe  to  say  that  several  houra'  extra 
time  would  be  required  for  this  one  item  alone.  But  the  draw- 
ing would  be  no  better  for  shop  use.  Hence  all  bolt  heads  and 
nuts  have  been  left  out,  except  when  necessary  to  show  cleai'ance. 

Shade  lines  have  been  put  on  for  no  special  reason  except 
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that  if  they  are  desirable  on  any  drawing  they  are  especially 
desirable  on  a  general  drawing,  where  one  part  overlaps  another^ 
as  they  make  it  easier  to  pick  out  and  separate  one  surface  from 
another.  Some  lines  are  shaded  in  this  drawing  which  are  not 
strictly  sharp  edges.  It  is  held,  however,  that  the  rounding  of  a 
corner  ought  not  to  destroy  its  character  as  an  edge  casting 
a  shadow,  and  such  lines  are  treated  accordingly. 

An  assembled  or  general  drawing  of  this  character  should  be 
laid  out  strictly  from  the  dimensions  shown  by  the  details.  It 
thus  serves  a  valuable  purpose  in  checking  up  figures,  and  show- 
ing whether  or  not  the  parts  will  go  together.  The  method  or 
character  of  the  work  in  no  respect  differs  from  that  suggested 
for  the  detail  drawings. 

If  a  scale  of  3  inches  =  1  foot  be  used,  the  size  of  sheet  must 
be  24  inches  X  36  inches.  The  student,  however,  will  perhaps  find 
it  easier  to  use  a  scale  of  1 J  inches  =1  foot,  in  which  case  the 
ordinary  size,  18  inches  X  24  inches,  will  suflBce.  For  such  a 
small  scale  it  will  be  found  undesirable  to  attempt  to  put  in  any 
very  small  fillets  and  corners,  although  those  that  can  be  readily 
handled  by  the  ordinary  bow  pen  ought  not  to  be  omitted.  As  a 
matter  of  fact,  the  expert  draftsman  either  leaves  the  comers 
sharp,  as  suggested,  or  puts  in  the  smallest  curves  freehand. 

Order  Sheets.  Any  set  of  drawings  is  incomplete  unless  in 
connection  with  it  a  statement  is  made  in  tabular  form  of  the 
complete  make-up  of  the  machine.  An  infinite  variety  of  ways 
exists  for  making  the  specifications.  Sometimes  the  tabulated 
data  are  placed  on  the  general  drawing.  Most  often,  however, 
printed  blanks  are  provided,  usually  of  bond  paper,  arranged  with 
special  reference  to  the  individual  shop  system  and  methods  of 
handling  work ;  these  blanks  are  filled  in  by  the  draftsman, 
indexed  and  filed  as  a  part  of  the  set  of  drawings.  They  can  be 
blue  printed  for  use  in  the  shops  the  same  as  a  drawing.  From 
these  sheets  stock  is  oi*dered,  checked  off,  and  watched  in  its 
process  of  manufacture. 

Order  sheets  are  indispensable  in  any  well-ordered  shop. 
Hence  they  are  illustrated  on  pages  59,  GO,  61  and  G2  as  the  final 
step  in  the  set  of  pump  drawings.  They  are  made  as  simple  as 
poBsible,  and  are  not  intended  to  fit  any  special  shop  system.     As 
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previously  stated,  the  exact  form  and  method  of  dassification  can 
be  determined  only  when  the  shop  conditions  are  known. 

The  student,  having  carefolly  followed  through  the  preced- 
ing  pages,  must  not  think  that  he  is  master  of  pump  construction, 
for  even  the  type  illustrated  has  been  but  touched  upon.  The 
object  of  the  detailed  discussion  is  to  get  the  student  in  close 
touch  with  the  spirit  of  construction,  to  make  his  drawings  real 
serious  work.  It  is  hoped  that  the  student  will  work  just  as 
though  a  machine  were  to  be  built  from  his  drawings,  and  built  to 
sell  at  a  profit.  Only  in  this  way  can  advanced  work  in  mechani- 
cal drawing  be  of  benefit  to  him,  for  after  becoming  expert  in 
the  use  of  the  instruments,  no  other  advance  is  possible  except 
advance  in  thought.  - 
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DATE.                  American  School  of  Correspondence 

MAY  20,  1902.                                                           AT 

Armour  Institute  of  Technology 

Chicago,  Ilu 

LIST  OF  CASTINGS 

FOR 

16-84-12  DUPLEX   PUMP. 

TYPE. 
INSIDE  PLUNGER. 

-••••••••■•■••••■■••••a ••• 

i 

s 

• 

o 

Name. 

• 

o 

a 

1 

■ 

o 

i 

0 

Remarks. 

2 

Steam  Cylinder 

G 

C.  L 

R.  &  L. 

2 
2 

Steam  Cylinder  Head 

G 

C.  I. 

Steam  Chest 

F 

C.  L 

2 

Steam  Chest  Cover 

F 

C.  L 

2 

Slide  Valve 

F 

C.  I. 

- 

1 

Steam  Pipe 

F 
F 

C.  I. 

1 

Exhaust  Tee 

C.  I. 

2 

Valve  Steam  Gland 

F 

C.  L 

2 

Piston 

E 

C  L 

8 

Piston  PipePluK,  I 'A" 

E 

C.  I. 

4 

Piston  Packing  Ring 

E 

C.  I. 

2 

Spool 

E 

C.  I. 

1 
2 

Steam  Cylinder  Cricket 

L 

C.  I. 

Steam  Cylinder  Stuffing  Box 

L 

C.  I. 
C.  I. 

2 
4 

1 
2 
1 
1 
2 

Water  Cylinder  Stuffing  Box 

L 

Piston  Rod  Gland 

L 

C  L 

Valve  Lever  Bracket 

L 

C.  L 

Yoke 

L 

C.I. 

R.  &  L. 

Short  Rocker  Arm 

K 

C.  1. 

Long  Rocker  Arm 

K 
K 

C.  I. 
C.  I. 

Valve  Stem  Link 

1 

Water  Cylinder 

C.  I. 

2 
3 

Water  Cylinder  Head 

C.  I. 

Hand  Hole  Cover 

J 

C.  I. 

1 

Water  Cylinder  Cap 

C.  I. 

1 

Air  Chamber 

C.I. 

I 

Discharge  Ell 

C.  I. 

2 

Plunger 

H 

C.  I. 

2 

Plunger  Bushing                         i     H 

Brass 

2 

Clamp  Ring 

II 

C.  I. 

32 

Valve  Stem 

H 

Brass 

82 

Valve  Cover 

H 

Brass 

a2 

Valve  Seat 

H 

Brass 

e 

Foundation  Plate 

M 

C.  L 

«71 
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DATE. 
MAY  20,  1902. 


American    School  of  Correspondence 


AT 


TYPE. 
INSIDE  PLUNGER. 


Armour  Institute  of  Technology 
Chicago,  III. 


LIST  OF   STEEL  AND   MISCELLANEOUS  PARTS 


FOR 


16-8i-12  DUPLEX   PUMP. 


a 


O 


2 


2 


2 


Name. 


Valve  Pteam  Head 


a 
t 


o 

til 


Piston  Rod 


Valve  Stem 


Long  P.  R.  Lever 


Short  P.  R.  Lever 


LTl)per  Rocker  Shaft 


Lower  Rocker  Shaft 


Rocker  Arm  Piu 


Link  Pin 


1     I   Long  P.  R.  Lever  Key 


Short  P.  R.  Lever  Kov 
Rocker  Arm  Key 


E 

E     i 

£ 

K 

K 

K 
K 

K 
K 
K 
K 

a 

u 


St. 


C  R*  S« 


St. 


St. 


St. 


St. 


St. 


St. 


Valve  Spring 
Valve 


^*y 

K 

^'y 

K 

K 

-___ 

H 

Remarks. 


Drop  Forging. 


Forging 


Forging 


St. 

1 

St. 

Drop  Forging 

St. 

Drop  Forging 

St. 

Drop  Forging 

Brass  wire 

Spring  Temp«'r 

Rubber 

Medium 

1 

i 

r 

vta 
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DATE.                 American  School  of  Correspc 

May  20,  1902.                                                       AT 

)NDENCE                    TYPE. 

INSIDE  PLUNGER. 

Armour  Institute  of  Technology 

Chicago,  III. 

LIST   OF  BOLTS,   NUTS  AND  PINS 

FOR 

16-8i-12  DUPLEX   PUMP. 

• 

i 

a 

i 

m 

O 

24 

Name. 

• 

1 

a 

• 

1 

Remarks. 

Cylinder  Head                    Stud  }  x  3} 

G 

St. 

20 

Steam  Chest                        Stud  f  x  8| 

G     1 

St. 

4 

Valve  Stem  Glaud              Stud  |  x  4} 

F 

St. 

8 

PiRton  Rod  Oland               Stud  9x4 

L 

St. 

24 
12 

Water  Cylinder  Head        Stud  J  x  3i 

J 

St. 

Clamp  Ring                         Studix4| 

J 
J 

Tobin  bz. 

24 

Water  Cylinder  Cap           Stud  1  x  3| 

St. 

18 

Hand  Hole  Cover               Stud  g  x  2| 

J 

St. 

12 

8 

Hand  Hole  Cover               Stud  i  x  2} 

1 

St. 

Exhaust  Tee                Tap  Bolt  g  x  1} 

G 

St. 

Itf 

Yoke                              Tap  Bolt  }  x  2 

G 

St. 

8 
8 

Steam  Cyl.  Stf.  Box     Tap  Bolt  }  x  1} 

G 

F 

St. 

Steam  Pipe                  Tap  Bolt  f  x  li 

St. 

4 

4 

16 

Valve  Lever  Bracket  Tap  Bolt  |  x  1} 

F 

St. 

Steam  Cyl.  Cricket      Tap  Bolt  1  x  2^ 

F 

St. 

Yoke                              Tap  Bolt  5x2 

J 
J 

St. 

8 

Water  Cyl.  Stf.  Box     Tap  Bolt }  x  1} 

St. 

8 
4 
2 

Discharge  £11               Tap  Bolt  9x2 

I 

St. 

Air  Chamber                Tap  Bolt  }  x  2 

I 

St. 

Hook  Bolt  (special)          1  x  3'  — 11' 

M 

St. 

4 

Hook  Bolt  (special)          1 }  x  3'  — 11' 

M 

St. 

1 

Eye  Bolt                             Standard  1' 

I 



St. 

34 

Standard  Nut                                       g 

St. 

44 

Standard  Nut                                       ) 

1 

St. 

36 

Standard  Nut                                       { 

1 

St. 
St. 

26 

Standard  Nut                                    1 

4 

Standard  Nut                                     1  \ 

St. 

4 

Standard  Nut                                    2 

St. 

8 

Special  Valve  Stem  Nut                   1 

St. 

f  Thick 

4 

PlBton  Rod  Split  Pin                     \x2 

£ 
E 

St. 

2 

Spool  Taper  Pin   No.  10  Morse  Taper 

St. 

4'  lon^ 

4 

YaWe  Bracket  Dowel  Pin            i  x  2 

L    J 

St. 
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DATE. 
MAY  20,  1902. 


American  School  of  Correspondence 


AT 


Armour  Institute  op  Technology 
Chicago,  Ilu 


type, 
inside  plunger. 


LIST  OF  SPECIAL  FITTINGS,  WRENCHES,  Etc 


16-64-12  DUPLEX  PUMP. 


I 

i 


2 


NaaM. 


lA*. 


Drip  Cock 


V 


Drip  Cock 


V 


Drip  Cook 


r 


Oil  Cup 


Drip  Cock 


I' 


Relief  Valve 


IV 


Standard  Fork  Wrench       r 


Standard  Fork  Wrench       ]' 


Standard  Fork  Wrench       I' 


Standard  Fork  Wrench 


Socket  Wrench 


V 


Valve  Stem  Fork  Wrench 


Valve  Stem  Socket  Wranch 


o. 

» 
I 


tf 


F 


i'        !• 


Is 


175  lbs.  pressure 


12"  handle 
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MECHANISM 


The  study  of  mechaniBm  is  the  study  of  the  laws  that  govern 
the  motions  and  forces  in  machinery.  Pure  mechanism  deals 
only  with  the  amount  and  kind  of  motions,  without  regard  to  the 
forces  transmitted,  and  in  this  instruction  paper  only  this  branch 
of  the  subject  will  be  considered.  That  is,  we  shall  study  how  to 
proportion  the  parts  to  get  the  proper  motions.  Knowing  this,  the 
principles  of  machine  design  and  strength  of  materials  will  teach 
us  how  large  the  parts  must  be  to  stand  the  stresses  which  come 
upon  them. 

A  Mechanism  is  a  group  of  parts  so  shaped  and  arranged  that 
a  definite  motion  of  one  part  will  give  other  definite  motions  to 
the  other  parts. 

A  riachine  is  a  combination  of  mechanisms  each  of  which  may 
be  doing  a  different  kind  of  work,  but  the  whole  combination  of 
mechanisms  working  together  accomplishes  some  desired  result. 
Take  for  example,  a  metal  planer;  the  result  which  is  to  be  ac- 
complished is  the  planing  of  a  piece  of  metal,  but  in  order  to  do 
this,  several  auxiliary  results  must  be  accomplished,  rlhe  table  or 
platen,  to  which  the  metal  is  fastened  must  be  moved  back  and 
forth,  the  tool  must  be  fed  forward  after  each  chip  has  been  cut, 
and  various  other  motions  produced.  There  are  certain  pieces  in 
the  planer  whose  sole  work  is  the  moving  of  the  platen,  and  all 
these  pieces  taken  together  form  one  mechanism;  in  like  manner, 
there  are  certain  parts  whose  sole  work  is  feeding  the  tool  for\^rd 
each  time,  and  all  these  parts  taken  together  form  another  mechan- 
ism.       All   the   mechanisms   when    brought   together   form   the 

machine. 

MOTION. 

An  object  which  is  changing  its  position  is  said  to  be  in 
motion  and  an  object  which  is  not  changing  its  position  is  at  rest. 

Absolute  and  Relative  notion.  If  a  man  is  moving  along  in 
a  sail  boat  without  changing  his  position  in  the  boat,  both  man 
and  boat  have  what  is  usually  spoken  of  as  absolute  motion,  that 
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18,  they  are  both  changing  thi?ir  position  with  reepect  to  the  earth 
and  wat*r  around  them.  They  both  change  their  |jnEition  in  the 
atana  dinvtioD  and  ut  tbu  same  rate  howovi^r,  bo  that  they  are  at 
rest  with  respect  to  eadi  other.  If  now,  th^  man  shniild  etart  to 
walk  forward  in  the  bout,  In*  would  change  his  position  with  re- 
spect to  surrounding  objuctH  fasti'r  than  the  boat  and  he  wonki  have 
taotion  relative  to  the  boat.  We  thus  have  two  kinds  of  motion. 
absolute  and  relative;  absolute  motion  being  the  motion  of  a  body 
with  reapet't  to  some  iaxi'd  object,  and  relative  motion  being  the 
motion  of  one  moving  body  with  respect  to  another  moving  body. 


I 


Fig.  1. 


Rff.  I 


Since  every  object  has  more  or  less  size  and  therefore  can  not 
be  represented  on  paper  as  readily  as  can  some  particular  point  or 
line  in  the  body,  as  far  as  possible  in  oar  study  of  the  motions  of 
bodies  we  shall  consider  points  and  lines,  in  place  of  the  bodies 
themselves. 

Velocity  is  the  rate  of  motion.  If  a  bullet  travels  through  the 
air  at  the  rate  of  one  hundred  feet  in  a  second,  it  han  a  velocity  of 
one  hundred  feet  per  second. 

Direction  of  notion.  A  point  may  have  motion  in  a  straight 
line,  in  a  circle,  or  in  any  other  curve.  The  tendency  of  any  body 
which  is  in  motion  is  to  continue  to  move  in  a  straight  line  unless 
caused  to  leave  that  path  by  some  force  applied  to  the  body. 
The  dia>ction  of  the  straight  lino  in  which  a  point  is  moving  is 
called  the  direction  of  motion  of  the  point.  If  an  object  is  travel- 
ing in  a  circle,  the  direction  of  its  motion  at  any  given  instant  is 
the  straight  line  tangent  to  the  circle  at  the  point  where  the  object 
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is  at  the  given  instant.  For  example,  if  the  point  A,  Fig.  1,  is 
moving  around  the  circle,  the  direction  of  its  motion,  when  in  the 
position  shown,  is  the  line  AB.  In  the  same  way  in  Fig.  2,  if 
the  point  A  is  moving  in  the  curved  path,  its  direction  when  in  the 
position  indicated  is  the  line  xVB. 

By  choosing  a  convenient  scale,  as  one  inch  equals  one  foot, 
or  one  inch  eijuals  ten  feet,  etc.,  dejx^nding  upon  how  large  the 
velocities  are  with  which  we  have  to  deal,  tlie  line  may  be  drawn 
of  a  length  that  will  rej)resent  the  velocity  of  the  point  A.  Sup- 
pose the  circle.  Fig.  1,  to  have  a  circumference  of  ten  inches,  and 
suppose  the  j)9int  A  to  be  traveling  around  the  circle  at  such  a 
speed  that  it  goes  around  once  in  live  seconds;  then,  since  it  travels 
ten  inches  in  live  seconds,  it  has  a  velocity  of  two  inches  per  second. 
Accordingly, if  we  draw  the  line  AB 
two  inches  long,  tangent  to  the  cir- 
cle at  any  given  position  of  A,  the 
line  AB  represents  the  direction  and 
velocity  of  A  at  the  instant  under 
consideration.  Of  course,  the  direc- 
tion of  motion  of  a  point  which  is 
moving  in  any  path  other  than  a 
straight  line  is  constantly  changing. 


X 
X 

X 
X 


>5H 


■>*- 


B  C 

but   the   direction    in    which  it  is  *^' 

moving  at  a  given  instant  is  the  direction  which  it  would  take  if 
the  forces  which  constrain  it  to  move  in  the  curved  path  were 
removed  at  that  instant. 

Composite  Motions.  In  Fig.  3,  let  A  represent  a  body  lying  on 
a  table;  suppose  A(/  and  AD  are  strings  making  a  right  angle  with 
each  other.  First,  let  the  string  AC'  be  pulled  with  such  force  that 
it  will  cause  A  to  move  one  inch  in  the  direction  AC\  in  one  second; 
then  A  will  be  at  B  at  the  end  of  a  second,  the  line  AB  repre- 
sentintj  the  direction  and  velocity  of  A  when  the  strino-  AC/  is 
pulled.  Next,  snj)po8e  the  IxMly  to  be  back  in  its  original  position 
A,  and  that  the  string  A  I)  is  ])ulle(l  with  such  force  that  it  will 
cause  A  to  move  ;^  of  an  incli  in  the  direction  AD  in  one  second; 
then  at  the  end  of  a  second  A  will  be  at  K,  the  line  AE  repre- 
senting the  direction  and  velocity  of  the  bcxly  when  the  string 
AD  is  pulled. 
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AguD,  sappoee  botb  Btrinfp  to  be  polled  at  the  ouae  time, 
with  the  same  force  u  before.  Then  the  pnll  on  AC  will  still 
'caose  A  to  move  toward  O  with  a  Telocity  AB,  aod  the  pall 
OQ  AD  will  cause  A  to  move  toward  D  with  a  vcioetty  A£, 
BO  that  at  the  eod  of  a  second  the  body  will  be  at  neither  £  nor  B, 
bat  at  some  point  H,  whose  position  is  at  a  distance  BH  from  B, 
the  line  BH  being  eqnal  and  parallel  to  AS.  Hm  point  H  is  also 
at  a  distance  EH  from  E,  the  line  EH  being  equal  tad  yunHUA 
to  AB.  In  other  words,  the  path  over  vhldi  the  body  hss 
moved  is  the  line  AH,  which  u  the  diagonal  of  a  parallelogram 
whc«e  sides  are  eqaal  to  AB  and  A£  reepeotiTely.  Tbs  lines 
AB  and  AS,  which  represent  the  velocities  caused  by  the  polls 
<m  the  respective  strings,  must  be  drawn  to  the  same  scale,  tiut  is, 
if  the  puU  on  AC  causes  a  velocity  of  one  inch  per  second  and 


Fig.  i.  Fig.  5. 

the  pull  on  AD  causes  a  velocity  of  J  inch  per  second,  AE  must 
be  I  as  long  as  AB. 

Tbe  velocities  AB  and  AE  are  called  component  velocities, 
and  the  velocity  AH  tlie  rrniilttmi. 

Let  lis  take  another  example.  Suppose  a  ball  is  thrown 
toward  the  east  with  a  velocity  of  ten  feet  per  second,  and  the  wind 
carries  the  ball  toward  the  south  with  a  velocity  of  five  feet  per 
second.  Let  us  tind  ^graphically  how  fast  and  in  what  direction  the 
ball  is  actually  moving.  Using  any  convenient  scale,  draw  the 
line  AB,  Fig.  4,  to  represent  ten  feet,  and  the  line  AC  to  repre- 
sent live  feet  at  the  same  scale,  AC  being  at  right  angles  to  AB, 
since  south  ia  at  right  angles  to  east.  From  C  draw  CD  parallel 
to  AB,  and  from  B  draw  BD  parallel  to  AC  meeting  CD  at  D; 
then  AD,  the  diagonal  of    the   rectangle  thus  formed,  gives  the 
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direction  and  the  velocity,  at  the  same  scale  as  before,  of  the  actual 
motion  of  the  ball. 

The  preceding  process  is  called  composition  of  velocities; 
that  is,  if  we  know  the  velocity  of  a  body  in  two  directions  at 
right  angles  to  each  other,  we  can  find  from  these  the  real  velocity 
and  direction  of  the  motion.  Quite  as  frequently  we  have  given 
the  real  direction  and  velocity  and  wish  to  find  the  velocity  parallel 
and  at  right  angles  to  some  given  line.  Thus,  suppose  we  know 
that  a  ball  is  moving  at  a  speed  of  one  hundred  feet  per  minute 
toward  the  southeast  and  we  wnsh  to  know  how  fast  it  is  moving 
towards  the  east.  Draw  the  line  A  I),  Fig.  5,  to  represent  one 
hundred  ieet,  at  a  convenient  scale;  then  draw  the  line  AB,  mak- 
ing with  AD  the  same  angle  that  a  line  running  southeast  makes 
with  a  line  running  east  (that  is,  45  degrees).  From  D  draw  DB 
perpendicular  to  AB,  meeting  AB  at  B;  the  length  of  AB 
represents,  at  the  same  scale  at  which  AD  was  drawn,  the  velocity 
of  the  ball  in  an  easterly  direction,  and  BD  represents  its  velocity 
in  a  southern  direction.  Tliis  is  called  the  reHoluthni  of  veloci- 
ties, the  velocity  AD  being  resolved  into  two  components,  one  in 
the  direction  AB,  and  one  perpendicular  to  this  direction. 

*BXAnPLES   FOR   PRACTICE. 

1.  If  a  steamer  travels  91,200  feet  per  hour,  what  is  the 
velocity  in  feet  per  second? 

Ans.     25.33  feet. 

2.  If  the  piston  of  an  engine  moves  at  the  rate  of  12.5  feet 
per  second,  what  is  the  piston  speed  in  feet  per  minute? 

Ans.     750  feet. 

3.  A  steamer  is  moving  eastward  at  a  sj)eed  of  800  feet  per 
minute  and  the  wind  and  tide  carry  it  north  at  the  rate  of  100  feet 
per  minute.  Find  graphically  how  fast  and  in  what  direction  the 
steamer  is  actually  moving. 

Ans.     SlO  feet  per  minute. 

4.  A  ball  is  thrown,  with  a  velocity  of  50  feet  per  second, 
across  a  stream  100  feet  wide.  The  wind  carries  the  ball  up  stream 
10  feet  per  second.  How  far  up  stream  from  the  point  at  which 
the  ball  was  aimed  will  it  strike  ?  Ans.     20  feet. 

*NoTBi   To  be  solved  sraphically. 
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6.  A  platform  is  set  up  at  an  angle  of  SO  degrees  with  the 
horizontal,  nud  a  weight  is  allowed  to  slide  down  the  platform  at  a 
B]>eed  of  ten  feet  per  second.  How  long  will  it  take  the  weight  to 
get  10  feet  below  the  point  from  which  it  started  ? 

Ans.     2  eeoonda. 

6.  The  horizontal  component  of  the  velocity  of  a  body  is  2t) 
feet  per  minnte.  .  If  the  actual  velocity  is  53  feet  per  minute  find 
graphically  the  vertical  component. 

Ans.     45  feet  per  minute  (about). 

7.  A  man  ia  on  a  railway  train  which  is  moving  at  the  rata 
of  25  niilea  per  hour  and  walks  toward  the  rear  of  the  train  at  tha 
rate  of  88  feet  per  minute.    How  fast  is  the  man  actually  luovingl 

Aii«.     2-i  miles  j>er  hour. 

Temporary  Center  of  Revolution.     In  Fig.  IS,  let  AB  repre- 

t   a  bar   that   forms  smin^   part  "f  ii  (iitftiaiiiain,  and  BUpjKHw 
D  that  for  the  moment  the 

w  end  B  has  a  velocity  in 

i\  the    dinvtioti    of    and 

I   \  ei|ual  tu   BD,  and    that 

}     \  the  end  A  liaa  a  veloc- 

^  p.;       \        ity  in    the  direction   of 

■"— 7"^ '  ,-'t»     and  equal  to  AC  As  the 

i  y^     ^.  ,,--''  wholerod,forthe  instant, 

Jif  ''^^  ^--'''  is  moving  as  if  it  were 

^J'"'  _     ranlnag  about  a  cea. 

Fie  6.  **'"'  *^®   actual'  veloci- 

ties of  the  varioaB  points 
in  the  rod  are  proportional  to  their  dietances  from  tha  cen- 
ter. To  find  the  center  for  the  case  shown,  draw  the  lines 
AT  and  BT  perpendicular  to  AC  and  BD,  respectively,  until  they 
meet  at  T,  wiiifh  ia  the  center  about  Mhich  the  whole  rod  may  be 
considered  to  Ins  revolving.  The  velocities  AO  and  BD  cannot  be 
fhost'u  at  random,  but  must  be  such  that  BF  is  equal  to  AE; 
fliat  is,  their  components  in  the  direction  of  AB  must  be  equal. 

REVOLVING  BODIES. 

One  of  the  most  eoniinon  motions  which  is  found  in  machinery 
of  all  kinds  is  the  motion  of  revolution,  that  is,  the  motion  of  ■ 
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body  turning  around  a  center  or  axis.  The  axis  may  pass  through 
the  body  itself  or  it  may  lie  entirely  outside  the  body.  Fig.  7  is 
an  example  of  the  first  case,  where  the  cylinder  is  revolving  about 
the  shaft  A,  which  j)asses  through  the  center  of  the  cylinder.  Fig. 
8  is  an  example  of  the  second  case  where  the  block  B  is  revolving 
about  the  shaft  A.  , 

The  speed  of  revolution  of  a  body  is  generally  described  by 
giving  its  number  of  revolutions  per  minute,  which  is  abbreviated 
to  R.  P.  M. 

We  will  use  the  following  abbreviations  throughout  this  in- 
struction paper:  ^^=diameter;  r=radius  or  distance  of  a  point 
from  the  center  about  which  it  is  revolving,  and  tt  ( pronounced 
Pi)  =  3.1416. 

Let  us  consider  a  point  C  on  the  circumference  of  the  cylin- 
der in  Fig.  7.     For  every  complete  revolution  of  the  cylinder  the 


Fig.  7. 


Fig  8. 


point  C  travels  through  the  air  a  distance  equal  to  the  circumfer- 
ence of  the  cylinder,  or,  since  the  circumference  of  a  cylinder  is 
8.14:16  tim'es  its  diameter,  the  point  (>  will  travel  ;5.1416  times 
the  diameter  of  the  cylinder.  Thert'fore  the  actual  velocity  throutjh 
the  air  or  linear  velocity  as  it  is  ternu'd,  of  a  point  on  the  circum- 
ference of  a  revolvintr  cylinder  is  ecjual  to  the  diameter  of  cylinder 
times  8.14:16  timt*s  the  number  of  revolutions  in  a    unit    of    time. 

If  we  assume  a  foot  as  our  unit  of  distance  and  a  minute  as  our 
unit  of  time,  the  above  principle  may  be  stated  as  a  formula: 
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I  LiDear  Velocity  =  jr  */  times  R.  P.  M.  (l) 

or     "  "  =2jr»'  timeaR.  P.  II.  (2) 

This  will  give  the  liuear  velocity  in  feet  per  miDute  and  to 
I  Qee  this  formula  tlie  diameter  or  radius  must  be  expressed  in  feet 
I  or  fi-actions  of  a  foot.  If  d  or  /■  is  in  iiifhes,  the  linear  velocity  will 
I  be  in  inches.  If  linear  velocity  per  aeeoiid  is  deaired,  the  nuuikir 
[  of  revolutions  per  second  uiust  be  used  instead  of  11.  P.  M.  From 
I  this  formula  we  see  that  the  linear  velocity  varies  directly  as  the 
I  diameter  or  radius,  and  also  directly  as  the  niunber  of  revolutions. 
ITae  following  examples  will  illustrate  the  use  of  the  above 
formula: 

If  a  fly  wheel  ts  10  feet  in  diameter  and  makes  75  revolu. 
tions  per  minute,  how  fast  is  a  point  on  its  circumference  moviagf 
Using  formula  (1), 

Linear  Velocity  ^=  «■  «^  X  R.  P.  M. 
9  =3.U16  X  10  X  75.  i 

I  =  2356.2  feet  per  minute.  1 

Therefore  a  point  on  the  circumference  of  the  fly  wheel  is 
moving  at  the  rate  of  2356.2  feet  per  minute. 

Suppose  that  the  center  of  the  block  B,  Fig.  8,  is  at  a  distance 
of  18  inches  from  the  center  of  the  shaft  A  and  that  the  arm  turns 
around  the  shaft  GO  times  per  minute.  To  find  the  linear  velocity 
of  the  center  of  block  B,  we  must  first  reduce  the  IS  inches  to  feet. 
Then. 

Linear  Velocity  =  2  X  3.141«  X  1.5  X  60. 
=  565.49  feet  per  minute. 

The  same  formula  may  be  used  to  lind  the  diameter  or  radius 
when  the  linear  velocity  and  revolutions  are  given,  or  to  find  the 
revolutions  when  the  linear  velocity  and  diameter  or  radius  are 
given.  To  do  this,  substitute  the  known  quantities  in  the  equa- 
tion and  solve  by  Algebra  to  iind  the  tinknOwQ  quantity.  Let 
V  ^  Linear  Velocity. 
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Unear  Velocity :  V  —  ir  ^  X  R.  P.  M. 

Diameter:  <i  =^  x  R.  P.  MT 

Revolutions:  R  P  M  = 


TT 


d. 


EXAMPLES  FOR  PRACTICE. 

1.  Find  the  linear  velocity  of  a  point  on  the  rim  of  a  fly 
wheel  making  120  revolutions  per  minute.  Assume  fly  wheel  to 
be  7  feet  in  diameter.  Ans.  2638.9  feet. 

2.  How  many  turns  will  a  6-foot  wheel  make  while  going  one 
mUe? 

Ans.  280. 

3.  A  locomotive  is  running  at  the  rate  of  40  miles  per  hour. 
How  many  revolutions  are  the  6^-foot  drivers  making  per  minute  ? 

Ans.  172. 

4.  The  drivers  of  a  locomotive  are  5i  feet  in  diameter.  The 
crank  pin  is  twelve  inches  from  the  center  of  the  wheel.  Find 
the  linear  velocity  in  feet  per  second  of  the  crank  pin  if  the  engine 
makes  25  miles  per  hour.  Ans.  13.32. 

CYLINDERS  AND  CONES  REVOLVING  IN  CONTACT. 

When  two  cylinders  are  arranged  to  revolve  upon  parallel  axes 
which  are  at  a  distance  apart  just  equal  to  the  sura  of  the  radii  of  the 
two  cylinders,  their  circumferences  wnll  touch  along  one  line,  and 
if  both  cylinders  revolve  and  we  assurae  that  there  is  no  slipping 
of  one  surface  on  the  other,  the  surface  velocities  of  their  circum- 
ferences must  be  equal,  that  is,  the  linear  velocity  of  any  point  on 
the  surface  of  one  would  be  the  same  as  the  linear  velocity  of  any 
point  on  the  surface  of  the  other.  Then,  if  in  Fig.  9,  we  let  S 
equal  the  surface  velocity  of  the  cylinders,  C  the  radius  of  cylin- 
der A,  D  the  radius  of  I>,  M  the  revolutions  per  minute  of  A,  and 
N  the  revolutions  per  minute  of  1>,  we  can  obtain  the  following 
equations  by  substituting  these  values  in  formula  (2): — 

S  =  2  TT  C  X  M. 
S  =  2  TT  D  X  N. 
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and  dividing  the  first  by  the  second  we  have: 


S        2fl-C  X  M       .       CM 

or  1  -=  =-,!=. 
DN 


S       2  IT  D  X  N 

therefore  DN=:CMorDxN  =  Cx  M. 

According  to  ratio  and  proportion  in  Algebra, 


M 


D 


0 


(3) 


REVOLUTIONS  PER 
MINUTE 


M    REVOLUTIONS  PER  MINUTE 

Fig.  e. 


This  may  be  stated  as  follows: — 

Revolutions  of  Driver        Radius  of  Driven 
Revolutions  of  Driven        Radius  of  Driver 

That  is,  tho  numbers  of  revolutions  are  to  each  other  inversely  as 

the  radii,  and  tlicivfore  jis  tlie  (li}iinet(.'rs. 

Two  cvlinders  ri'volvino;  in  contact,  without  slippinij,  revolve 
in  opposite  directions;  that  is,  if  A  revolves  ritrlit-handcd  (  like  the 
hands  of  a  clock  \  Vt  will  revolve  left-handed.  This  is  indicated  hy 
the  arrows  in  Fi*^  \K 

The  following  examples  will  illustrate  tlu»  method  of  calcula- 
tion for  speetls  of  c>Iin(lers,  accordin»j^  to  tlie  preceedintr  discus- 
sion. Sup|)ose  a  wlieel  A,  2  feet  in  diameter,  is  revolving  with  its 
surface  in  contact  with  the  surface  of  another  wheel  B.     A  makes 
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2o  II.  P.  X.  Assuming  that  no  slipping  occurs  t)etwecn  the  sar. 
faces  of  the  two  wheels,  what  must  be  the  diameter  of  B  in  order 
that  it  shall  make  75  R.  P.  M.  ?     From  the  formula  (3)  we  have 

Diameter  of  B        E.  P.  M.  of  A 


Diameter  of  A 
Diamelei  of  B 


"  K.  P.  M,  of  B 

25 
'75 


2  feet 

Diameter  of  B  X  75  =  2  X  25 
therefore  Diameter  of  B  =  |  feet  =  8  inches. 

The  same  principles  apply  to  cones  which  are  revolving  in 
contact.  Let  Fig,  10  represent  the  side  view  of  two  right  cones 
which  are  in  contact  along  the  line  EF,  which  is  an  element  com- 
mon to  hoth.     Then, 


R.  P.  M.  of  A  _ 
R.  P,  M.  of  B 


FG 
FB 


(4 


That  is,  their  revolutionB 
are  to  each  other  inversely  as 
the  diameter!  of  their  bases.  If 
the  snglei  0£F  and  O'EF  are 
known,  initead  of  the  diametera 
of  the  baaea,  the  ratio  of  tha 
number  of  revolutions  may  be  ^'' 

fonnd  from  the  following  trigonometric  formula 

E.  P.  M.  of  A 


R.  P.  M.  of  B  ■ 


Sine  of  angle  OEF 
Sine  of  angle  O'EF 


(s) 


If  the  angle  lietween  the  axes  ()E  and  O'E  is  given  and  it  is 
deeired  to  find  the  relative  sizes  of  the  two  c-ones  whose  revolutions 
shall  have  a  given  ratio,  the  aniiles  OEF  and  O'KF  could  Iw  calcu- 
lated, but  the  caleiilation  would  lie  rather  ditlicult  and  therefore  a 
solution  whieh  is  partly  graphical  is  more  eoiivenieiit  and  usually 
sufficiently  accurate. 

Let  EO'  and  EO  Fig.  11,  he  the  center  liue.-t  of  two  shafts 
which  lie  in  the  same  plane  and  make  an  angle  of  45  degrees 
with  eacli  other.     The  shafts  are  to  be  connected  by  two  rolliug 
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cones  so  that  the  shaft  O'E  shall  make  30  revolutions  while  the 
shaft  OE  makes  40.  The  base  of  the  larger  cone  is  12  indies,  t« 
find  the  base  of  the  smaller  cone  and  the  altitude  of  Ixith.  Since. 
from  the  preceding  discussion,  the  speeds  aro  inversely  as  the 
diameters  of  the  cones,  the  larger  cone  must  l>e  on  the  shaft  which 
ia  making  the  fewer  number  of  revolutions,  that  is,  O'E. 
Then  from  formula  (4). 

Speed  of  O'E  ^_  Diameter  of  base  of  cone  on  O  E 
Speed  of  O  E        Diameter  of  base  of  cone  on  O'E 


Diameter  of  base  of  c 


Solving  the  equation  we  get 

lHairiflLT  .if  iHise  o!  cone  OE  =  0  inches. 

Now  draw  the  line  PN  parallel  tt  O'E  and  at  a  distance  from 
O'E  equal  to  the  radius  of  the 
base  of  the  cone  O'E  (in  this  case 
6  inches),  at  a  convenient  scale. 
and  draw  the  line  ML  parallel  to 
OE  aud  at  a  distance  equal 
to  the  radius  of  the  base  of  the 
coue  on  OE  (in  this  case  4^ 
inches).  These  lines  intersect  at 
the  point  C.  A  line  from  C  to  E 
is  the  element  along  which  the 
cones  touch  each  other.  From  C 
draw  lines  perpendicular  to  OE 
and  O'E,  meeting  them  at  S  and 
R respectively.  TheuSEandKE 
are  the  altitudes.  To  draw  the  cones,  lay  off  ST  equal  to  CS,  and 
RV  equal  to  OR.  Join  E  with  T  and  Y  and  the  cones  are 
complete. 

CYLINDBRS  AND  CONES  CONNECTED  BY  BELTS. 

Frequently  two  shafts  must  be  connected  so  that  one  may 
drive  the  other,  and  yet  they  are  so  far  apart  that  cyliodera  cannot 


Pig.  11. 


MECHANISM. 


be  placed  on  them  which  will  touch  each  other.     In  this  case  it  is 
customary  to  place  on  each  ehaft  a  cylinder,  or  pulley,  and  over 


these  pulleys  stretch  a  band,  or  belt  made  of  some  flexible  mate- 
rial. The  pulleys  are  fastened  to  the  shafts  so  that  the  pulley  and 
its  shaft  turn  together,  and  the  belt  is  stretched  over  the  pulleys 
tight  enough  bo  that  the  friction  l>etween  the  belt  and  the  surface 


of  the  palley  is  sufficient  to  make  them  travel  with  the  same 
linear  velocity.  A  detailed  study  of  the  exact  manner  of  finding 
Ihe  proper  locations  of  the  pulleys  and  drawing  the  pulleys  and 
belts  can  be  found  in  Mechanical  Drawing  Part  V,  so  that  we  will 


now  f^l      I  only  the  gitueral  priiitripU-s  iuvolved,  purtioulKrly  wilL 
R'ftTtrui     to  Diiikiiig  tht»  nectWHary  oalcnlAtions. 

'  principli'B  ■whicli  w«  Kwriuid  Hbovw.  (joiK-eruiti^r  tliw  rela- 
tive B[H-n-B  of  two  cylinders  in  contact,  apply  aluo  to  two  pulleys 
coimec  liy  a  lit'It.  Tim  ruk-  fjoviTri i ng  the  dint'tion  of  rotation, 
Lowwvc  is  (liffcn-nt.  Wlmii  the  connet'tiun  ih  niadt>  by  ineantt  of 
a  belt,  tut<  n^latluii  of  tht^  diroc'tiotis  of  rotutioti  df|)(.-ndt«  ii]ion  the 
way  tlie  lif  It  is  put  around  the  pulleys.  If  the  Iielt  ie  put  on  as 
shown  in  t'lg.  12,  known  as  opt-n  bt'lt,  the  pulleys  will  turn  in  the 


J  I... 


i 


same  direction.     If  the  belt  is  as  shown  in  Fig.  13,  known  as  a 
crossed  belt,  the  pulleys  will  turn  in  opposite  directions. 

Crowning  Pulleys.  The  outer  surface  of  pulleys,  instead  of 
being  made  cylindrical  is  often  made  of  larger  diameter  in  the 
middle,  as  shown  in  Fig.  14.  A  pulley  having  this  increase  of 
diameter  in  the  middle  is  said  to  have  a  crowned  face.  The  object 
of  the  crowning  is  to  help  the  belt  to  remain  on  the  pulley.  A 
belt  will  always  run  to  the  part  of  the  pulley  which  is  largest  in 
diameter;  therefore,  if  the  diameter  increases  towards  the  middle, 
the  belt  will  tend  to  run  to  the  middle,  and  will  be  less  likely  to 
slip  off.     If  the  belt  is  to  be  at  different  places  on  the  pulley  at 
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different  tinies,  as  indicated  by  the  full  and  dotted  positions  in 
Fig.  15,  the  Surface  cannot  be  crowned,  but  must  be  cylindrical. 

As  problems  similar  to  the  following  often  arise,  this  one  i 
should  be  studied  carefully  until  every  step  is  understood.  In 
Fig.  10,  A  is  a  shaft  turning  00  R.  P.  M.  in  the  direction  indi- 
cated by  the  arrow.  B  and  C  are  cylinders  over  w  hich  a  strand  of 
cloth  is  to  pass  as  indicated,  the  cloth  passing  over  the  top  of  B 
and  under  the  bottom  of  C.  In  order  that  B  and  C  may  revolve 
in  proper  direction  a  crossed  belt  must  be  used  between  A  and  C, 


Fig.  16. 

as  shown.  B  is  24  inches  in  diameter,  ( •  is  IS  inches  in  diameter, 
and  the  cloth  is  to  travel  at  the  rate  of  120  feet  per  minute.  E  is 
a  pulley  15  inches  in  diameter,  which  drives  the  pulley  D,  on  the 
same  shaft  as  B.  F  is  a  pulley  IS  inches  in  diameter,  driving 
pulley,  G,  on  the  same  shaft  as  ( \  The  ])roblem  is  to  lind  the 
number  of  revolutions  of  B  and  (\  and  the  diameters  of  D  and  (t. 
The  circumference  of  B  =  24  inches  x  tt  =  2  feet  x  tt  -= 
6.2832  feet.  Therefore,  its  surface  velocity  if  it  made  one  K.  P.  M. 
would  be  0.2882  feet  per  minute.    But  since  it  is  to  have  a  surface 
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velocity  =  120  fet^t  per  minute  (equal  to  that  of  the  cloth)  its 
speeii  must  be  1:20  divided  by  0.2X^2  =  lt>.l  If.  P.  il.  Ktjvolu- 
tioiis  of  C  are  found  in  the  same  way. 

18  inches  :  1.5  feet.  1.3  feet  X  3.1416=4.7124:  feet  =- 
^mrface  8j)eed. 

120  divided  by  4.7124  =  25.4  R.  P.  M. 

Now  from  formula  ('3): 

Revs,  of  I)  ^_   Diameter  of  E 
Revs,  of  E        Diameter  of  D 

and  since  the  revolutions  of  D  =  the  revolutions  of  B 


19.1     15 


60        X 

10.1  a?  =  15 

X  60 

X  —  47 

.12  + 

therefore,  pulley 

D  is  47J  inches 

in  diameter. 

• 

Reva.  of  G 

Diameter  of  F 

Kevs.  of  ¥ 

Diameter  of  G 

25.4 

18 

(■)()    '  ' 

./' 

Fitr.  IT 


05.4  ./•  -----  1^  >:  r.o 

./'  -  -  4'-2.5  (approx.) 

tliiTrfoiv.  pulltT^'  i^  4-.0  inrlivs 
in  (.li:iint*t(.*r. 


Taper  Cones.  Suppose  two  ctpial  frustums  of  coiit's  are 
arrantj^iMl  on  pMrallcl  shafts,  as  sliown  in  V'\ii.  IT.  Shaft  .\.  turn- 
luiS  at  a  constant  spctMl,  can  ])c  made  to  drivt*  sliaft  1)  at  ilitlVrcnt 
speeds  ])V  clianjj^^injj"  tln'  location  of  the  helt  im  tlie  cones.  In 
onK'r  to  n>e  c(Mies  w  ith  a  sti'ai^lit  taper,  a  crossed  helt  should  he 
used.  If  an  (jpen  l»elt  is  WM'd.  the  cones  slionhl  i>e  sliaj>e<l  as 
shown  in  M<^\  1"^.  It  i-  nece>^arv  to  eive  this  curvature  to  tht» 
face  in  (HMJer  to  keep  the  .-ame  ten-inn  on  the  Kelt  for  ditlerent 
po>ition>.  With  a  cro-sed  helt  tliis  condition  is  fultiiled  hv 
makine-  the  face  a  ^t!-:iio"ht  hne.  If  the  shafts  are  far  apart,  the 
tjtraio-!it  cone^  are  >onietinies  used  for  an  open  belt. 
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Since  the  calculations  for  finding  the  proper  shape  of  the 
cones  for  an  open  belt  are  difficult  and  are  not  often  needed,  we 
will  give  our  attention  only  to  the  straight  cones  for  a  crossed 

belt. 

In  Fig.  17  let  shaft  A  be  the  driver,  turning  at  a  constant 

speed  of  100  R.  P.  M.     The  small  end  of  the  cone  on  A  is  13 

inches  in  diameter.    We  wish  to  find 

the  diameter  of  the  large  end  of  the 

cone  on  B,  in  order  that  the  slowest 

speed  of  B  may  be  75  R.  P.  M.  Then, 

if   the   cones  are  alike,   to  find   the 


s- 


greatest  speed  of  B:  p-     jg 

T,.    ,           R.  P.M.  of  A       KK 
First  = — —  -•  -- 

Ti.  P.  M.  of  13  ~  E  D 

100  _  IIK 

75~~'    12 

75  niv  =  12  X  100 

1200 
Therefore  II  K  =  —%■=—  ==  10  inches. 

Now,  if  the  cones  are  equal 

,  G  L  =  E  D  =-  12 

*"^  F  C  ==  II  K  =  10. 

Then  R.  P.  M.  of  A       G  L 


li.  P.  M.  of  li        EC 

100         12 


X  10 

1000       ,„„, 
ar=^^  =  133J. 

Therefore,  the  larger  ends  of  the  cones  must  be  10  inches  in 
diameter  and  B  will  have  a  variation  of  speed  from  75  R.  P.  M.  to 
133J  K.  P.  M.  The  length  of  the  cone  does  not  affect  the  ex- 
treme speeds,  but  the  longer  the  cones  the  more  easily  the  inter- 
mediate speeds  may  be  obtained. 

Cones  arranged  as  explained  above  are  used  to  drive  drying 
machines  in  bleacheries  and  similar  places,  where  it  is  desired  to 
vary  the  speed  af  the  machine  according  to  the  weight  of  the  cloth 
which  is  being  dried.  Heavy  cloth  requires  a  longer  time  to  dry 
than  light  cloth  and  consequently  can  not  be  passed  through  the 
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mwshine  as  npidly.  Tapered  oodm  axe  alao  fonnd  in  Tariooa  cot- 
ton machines- 
Stepped  Cooes.  Stepped  cones  are  often  lued  in  place  ol  tlw 
tapered  cones.  Thme  aam  really  a  series  of  pnUeys  side  bj  side  on 
a  shaft,  a  simibr  series  being  placed  on  the  other  shaft  vith  the 
lai^  pnll^  on  the  second  shaft  in  line  with  the  small  poll^  t» 
the  first  shaft.  The  arrangement  is  shown  In  Fig.  19.  hi  practice 
the  several  pallejrs  which  make  np  Uie  stepped  cones  are  cut  to- 
gether, bodi  cones  nsnallj  being  cast.from  one  pattern.    Tbo  <saX- 


rti 


N 


UJ 


Fig.  IB. 


culatioQ  for  the  diameters  of  tlie  end  steps  are  the  same  as  for  the 
end  diameters  for  the  cones  (Fig.  17).  Assuming  that  both  cones 
are  alike,  the  intermediate  steps  can  be  found  as  follows: — 

Decide  how  many  intermediate  steps  are  desired,  then  draw 
the  center  line  ST,  and  draw  the  lines  AB  and  CD  perpendicular 
to  ST  and  at  a  distance  apart  equal  to  the  width  of  face  of  one 
step  multiplied  by  the  whole  number  of  steps  minns  one.  Make 
CD  equal  in  length  to  the  diameter  of  the  largest  step  and  AB 
equal  to  the  diameter  of  the  smallest  step.  Draw  AC  and  BD, 
Draw  EF  parallel  to  and  at  a  distance  from  CD  equal  to  the  width 
of  the  face  of  one  step.  The  distance  between  E  and  F,  the  points 
where  EF  intersects  AC  and  BD,  wiU  be  the  diameter  of  the  sec- 
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ond  step.  Other  steps  may  be  found  in  the  same  manner.  To  use 
this  method  all  steps  must  have  the  same  width  of  face.  It  would 
not  be  accurate  for  an  open  belt,  although  if  the  distance  between 
the  shafts  are  large  compared  with  the  diameter  of  the  cones,  an 
open  belt  might  not  give  trouble  on  cones  designed  in  this  way. 

Stepped  cones  are  very  commonly  used  for  driving  lathes  and 
other  machine  tools. 

EXAMPLES  FOR  PRACTICE. 

1.  A  shaft  making  115  revolutions  per  minute  has  keyed 

to  it  a  pulley  36  inches  in  diameter.     If  the  pulley  belted  to  the 

36-inch  pulley  is  26  inches  in  diameter,  how  many  revolutions  will 

it  make  per  minute  ? 

Ans.  160  revolutions,  (nearly.) 

2.  A  pulley  12  inches  in  diameter  makes  180  revolutions  per 
minute.  The  other  pulley  connected  by  belt  to  the  12-inch  pulley 
should  make  75  revolutions.     How  large  must  it  be  ? 

Ans.  28.8  inches  in  diameter. 

3.  A  motor  shaft  having  a  pulley  6  inches  in  diamete'*  makes 

840  revolutions.     If  this  speed  is  to  be  reduced  to  320  revolutions, 

what  size  pulley  should  be  used  ? 

Ans.  15|  inches  in  diameter. 

Disk  and  Roller.  Fig.  20  shows  a  device  by  means  of  which 
one  shaft  turning  always  in  the  same  direction  with  a  constant  speed 
may  drive  another  shaft,  which  is  at  right  angles  to  it,  in  either 
direction  and  at  different  speeds.  A  is  a  disk  on  the  end  of  the 
overhanging  shaft  S.  On  the  shaft  T  is  placed  a  roller  B  free  to 
be  moved  up  or  down  on  T,  but  on  a  key  so  that  it  must  turn  with 
the  shaft.  Some  sort  of  a  shipper  must  be  provided  to  hold  B  in 
the  desired  position  on  T.  When  one  shaft  turns  it  drives  the 
other  by  means  of  the  friction  between  A  and  B.  If  shaft  S  is  the 
driver,  turning  in  the  direction  indicated  by  the  arrow,  it  will 
cause  T  to  turn  in  the  direction  indicated  by  the  lower  arrow.  If 
it  is  desired  to  have  T  turn  in  the  opposite  direction,  keeping  the 
direction  of  S  the  same,  B  must  be  moved  up  above  the  center  line 
of  S  as  shown  dotted.  If  OR  is  the  distance  from  the  center  of 
disk  A  to  the  point  where  the  center  line  of  the  face  of  B  strikes 
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A,  and  Ii&  u  tlie  radios  of  B,  we  have  the  foUowing  equation,- 
B.P.M.ofB 


It.P.M.ofA 


OB 


(«) 


from  whicli,  knowing  the  speed  of  one,  &»  speed  of  the  other  m»j 
be  calcolsted.  It  wilt  be  seen  from  this  equation  that  if  OR  ia 
decreased,  that  is,  if  B  is  moved  nearer  the  center  line  of  S,  the  speed 
of  £  will  decrease  if  A  is  the  driver,  or  the  speed  of  A  will  increase 
if  B  is  the  driTer. 


Fig.  20. 


This  device  is  need  for  driving  drying  machines  where  the 
cloth  goes  from  another  machinedirect  to  the  drying  machine,  and  it 
is  essential  that  the  Bpeed  of  the  two  should  be  adjusted  to  a  nicety, 
in  order  that  excessive  strain  may  not  com©  npon  the  cloth.  It 
is  also  used  for  driving  the  feed  mechanism  on  machine  tools,  par- 
ticularly drills. 

Example:  Suppose  the  disk  A  makes  70  revolutions  per 
minute  and  disk  B  134  revolutions.  If  OB  is  18  inches  what  is 
the  diameter  of  B  ? 


R.  F.  M.  of  B  _ 

R.  P.  M.  of  A  " 

124  X  O  L  : 


OR  124 

OL  ^"^  ^  = 
=  70  X  18 
70  X  18 


_18 
OL 


124 
=  10.16  inches  (aboDt). 
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Diameter  would  be  2  X  10.16  =  20.32  inches  or  20^^  inches. 

EXAMPLE  FOR  PRACTICE. 

1.  Disc  B,  Fig.  20,  is  12  inches  in  diameter  and  makes  280 
revolutions  per  minute.  If  shaft  S  is  to  make  48  revolutions  per 
minute  how  far  from  the  center  must  the  circumference  of  B  be 
placed  ?  Ans.  35  inches. 

DISCONNECTINQ  AND  REVERSING  HECHANISMS. 

Tight  and  Loose  Pulleys.  Fig.  21  shows  a  very  common 
arrangement  of  pulleys,  whereby  the  shaft  A  may  be  stopped  while 
the  driving  shaft  B   continues  to  run.      Pulley  C  is  keyed  to 
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KEYED  TO  SHAFT 


W 


KEYED  TO  SHAFT 


LOOSE  ON  SHAFT 


DRIVING  SHAFT 
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shaft  A,  while  pulley  D  is  free  to  run  on  A.  Pulley  E  has  its  fece 
equal  in  width  to  the  sum  of  the  other  two  and  is  keyed  to  B. 
When  the  belt  is  in  the  position  shown  in  full  lines,  D  turns  with 
E,  while  shaft  A  remains  at  rest.  The  belt  is  guided  by  a  shipper 
and  when  it  is  desired  to  start  A,  the  belt  is  moved  into  the  posi- 
tion shown  by  the  dotted  lines. 

Jaw  Clutch.  Fig.  22  illustrates  an  arrangement  by  which 
the  gear,  or  pulley,  A  may  be  attached  to  turn  with  the  shaft,  or 
disconnected  so  as  to  turn  independently  of  the  shaft.  The  hub 
of  A  has  jaws  or  teeth  on  its  end,  and  the  sliding  piece  B  has  simi- 
lar teeth,  the  projections  on  B  fitting  into  the  indentations  of  A. 
The  shaft  may  turn  freely  in  A  while  B  slides  on  a  key  so  that  it 
must  turn  with  the  shaft.  When  B  is  in  the  position  shown,  the 
shaft  and  A  may  turn  independently  of  each  other,  but  when  B  is 


0ov«!d  to  the  left  BO  that  its  teeth  engage  with  the  ti>eth  on  the 
0  of  A,  it  serves  to  clamp  A  to  the  shaft.     The  priiiciple  here 
involved  is  usiKi  in  luany  difTereot  forms  of  clutches. 

Friction  Clutches.  A  jaw  clutth  snch  as  illuetrated  in  Fig. 
22,  if  thrown  in  while  the  shaft  or  gear  is  turning  brings  a  sudden 
shock  on  the  parts,  which  is  Hkely  to  caiitte  damage,  esjiecinllj'  if 
the  apeed  is  high  and  much  power  is  transmitted.  Ck»naeqneritly, 
a  clutch  known  aa  a.  friction  clutch  is  often  tise<i,  which,  a.s  its 
action  depends  upon  the  friction  between  two  parts,  will  impart 
motion  more  gradually  thereby  avoiding  the  shock.    Fig.  23  illuft- 


I 


Fig.  22. 


tratea  a  simple  clutch  of  this  kind.  B  is  a  piece  free  to  slide  on  s 
key,  and  held  in  position  by  a  shipper.  A  is  a  pulley  or  gear  loose 
on  the  shaft.  The  outer  surface  of  B  and  the  inner  sur^e  of  A 
are  tapered  to  fit  each  other.  When  B  is  thrown  to  the  left  it 
clamps  A  to  the  shaft  in  the  same  manner  as  the  jaw  clutch. 

Two  Clutches  for  Reversing.  Fig.  2i  shows  how  two  clutches 
can  be  arranged  so  tliat  either  one  may  be  thrown  in,  thus  giving 
motion  to  the  shaft  in  either  direction.  The  clutches  are  similar 
in  principle  to  the  one  shown  in  Fig.  23.  The  left-hand  clutch  is 
shown  partly  cross- sectioned.  The  piece  A  is  attached  to  a  shipper 
which  when  moved  to  the  right  throws  in  the  right-hand  clutch; 
when  moved  to  the  loft  throws  in  the  left-hand  clutch.  If  the  pul- 
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ley  of  the  right-bsod  clutch  ia  driven  by  an  open  belt  and  the  pul- 
ley of  the  left-band  clntch  by  a  croBeed  belt,  the  shaft  will  be  driven 


Fig.  23. 
in  either  direction  according  as  one  or  the  other  clutch  ia  thrown 
in.     When  A  is  in  the  position  shown  neither  i^lutch  is  in  and  the 
shaft  is  at  rest. 

SCREWS. 

The  Helix.     Since  ali  screws  depend  iijwii  a  curvo  known  as 


the  helix,  it  will  be  m-i-cKKary  tn  iindcrstanu  rtonu'lliiii^  jilmnt  this 
curve  befoi-e  attempting  tlie  study  of  the  screw- 
Take  a  cylindrical  piece  of  wood,  snch  as  is  shown  in  Fig.  25, 
and  a  rectangular  piece  of  jiaper,  ABFE,  with  tbe  side  AB  equal 


nfereaee  of  tbu  i^yliuder,  and  the  side  A"K  equal  to  the 
le  cylinder.     Now,  if  we  lay  off  along  AE  a  distancu 


Fig.  25. 

AD,  and  draw  the  line  DC  parallel  to  AB,  we  hare  the  rectangle, 
ABCD,  Now  draw  the  diagonal,  AC,  of  the  rectangle  and  wrap 
the  paper  around  the  cylinder,  keeping  the  side  AE  on  an  element 
of  the  cylinder;  the  paper  will  just  cover  the  cylinder,  the  edge 


Fig.  26. 
BF  meeting  the  edge  AE.     Tlie  point  C  will  coincide  with  D  and 
lie  on  the  same  element  of  the  cylinder  as  A  and  at  a  distance  from 
A  equal  to  AD.     The  shape  which  the  line  AC  now  takes  is  called 
a  helix,  and  the  distance  AD  is  called  the  pitch  of  the  helix.     If 
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we  choose  another  point,  H,  half-way  between  A  and  D,  and  draw 
a  line  HJ  parallel  to  AC,  this  line  when  wrapped  around  the  cyl- 
inder will  form  another  helix  of  the  same  pitch  as  the  iSrst  one. 
The  two  together  form  what  may  be  called  a  double  helix.  If  the 
line  AD  is  divided  into  three  equal  parts  instead  of  two,  and  lines 
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parallel  to  AC  be  drawn  from  each  of  the  points  of  division,  we 
would  have  on  the  cylinder  three  parallel  and  equidistant  helices 
of  the  same  pitch,  or  a  triple  helix.  Fig.  26  shows  a  single  right- 
hand  helix.  Fig.  27  a  single  left-hand  helix.  Fig.  28  a  double  right- 
hand  helix,  and  Fig.  29  a  triple  right-hand  helix. 

If  a  helical  groove  is  cut  on  the  surface  of  a  cylinder,  a  screw 


Fig.  28. 

thread  is  formed,  the  thread  being  the  material  which  is  left  be- 
tween the  successive  turns  of  the  helical  groove.  A  cylinder 
having  a  thread  on  it  is  called  a  screw,  and  a  ])iece  having  a  cyl- 
indrical hole  in  it,  with  a  thread  around  tlie  hole,  is  called  a  nut. 
The  groove  which  is  cut  to  form  the  thread  may  be  in  the  form  of 
a  single,  double  or  triple  helix,  and  either  right-hand  or  left-hand; 
the  thread  would  be  described  in  the  same  terms. 
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Fig.  30  shows  a  right-hancl  and  a  left-hand  eintjlu  V  thrnad 
and  a  right-hand  and  a  left-hand  shiglt;  square  thretid. 


One  iiompk'te  turn  of  a  screw  eaiises  it  to  travel  through  itB 
nut  a  disCanee  equal  tu  its  pitch. 


LEFT-BAHD  THRKAD, 


Fig.  .10. 


BICBT-UAHD  THREAD. 


There  are  certain  principles  which  apply  and  certain  problems 
which  arise,  in  euniiection  with  all  furiiis  of  screws,  and  we  shall 
now  consider  some  of  the  most  imjKtrtant  of  these. 

Let  Fig.  31  represent  a  jack  screw.  The  pitch  of  tlie  screw 
is  P  inches;  the  length  of  the  bar  from  the  axis  of  the  screw  to 
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the  point  B,  where  the  force  ia  applied,  is  A  incheB.     A  force  of 
F  poundB  is  exerted  at  K,  raising  the  weight  W. 

The  following  equation  holds  true, 

F  Distance  W  movea  . 

W       Distance  F  moves  *■*' 

Suppose  the  screw  to  be  turned  once;  then  F  will  move 
through  a  distance  approximately  equal  to  the  circumference  of  a 
circle  whose  radius  ia  A;  that  is,  F  moves  a  distance  2  w  A.  In 
turning  the  screw  once,  W  is  raised  a  distance  P.  Then,  substi- 
tuting, in  equation  (7),  these  quantities  for  the  distances  which  F 
and  W  respectively  move,  we  get 


W      37rA 
2)rAF  =  WxP 


Wx  P  =  2irAx  F 


-i 


BAR 

-  prrcH 


From  this  equation,  if  any  1    -  M' 

three  of  the  quantities  F,  W,  /    yl-j. 

P  or  A  are  known,  the  fourth  /     |!  |  ^ 

may  be  found.   P  and  A  must     — L -^JlJ. 

both  be  expressed  in  feet  or  ""]" 

both  in  inches.  ^'S-  31. 

For  example,  let  P  =  J  inch,  A  =  5  feet,  F  =  100  pounds. 
Substituting  in  the  formule  we  get 

100 ^5 

W   ~  2  X  3.1410  X  00 
.25  W  ^  37009.2 

W—  150,797  pounds  (nearly). 

EXAMPLES  FOR  PRACTICE. 

1.  Suppose  a  weight  of  :i00,000  pounds  is  to  be  raised  by  a 
jack  screw.  The  pitch  is  .20  inch,  and  the  force  applied  is  125 
pounds.     What  must  be  the  length  of  the  bar? 

Ans,     51  inches  (^nearly), 

2.  What  should  bo  the  pitch  of  the  screw  of  example  1  if 
the  bar  is  made  6  feet  long!  Ans.     .2ti+  inches. 
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8.  A  jack  screw  has  the  foUawing  dimeiiBioiia:  Lragth  of 
ann,  5^  feet;  pitch,  .125  inch*  U  200,000  poimdB  are  to  be  raised 
what  force  must  be  applied  at  the  end  of  the  barf 

Ans.    60  pounds. 

ComMnatioii  of  Screws.  I^.  82  illustrates  a  method  by 
which  the  space  moved  throngh  by  the  nut  0  may  be  made  very 
small  in  comparison  with  the  space  moved  through  by  a  point  (m 
the  circumference  of  the  hand  wheel,  without  using  a  very  fine 
pitch  on  the  screw.  Great  pressure  can  thus  be  produced  at  C  by 
a  small  force  on  the  wheel,  without  danger  of  stripping  the  thread, 
which  might  occur  if  the  screw  had  a  fine  pitch.  The  upper  part 
of  the  screw  E  has  a  coarse  thread  which  acts  in  the  nut  B,  this 
nut  being/igid  with  the  frame  D.  The  lower  part  of  the  screw 
has  a  pitch  different  from  the  upper  part  and  acts  in  the  nut  0. 
C  is  free  to  slide  up  or  down  in  the  frame,  but  is  prevented  from 
turning  by  the  lips  L. 

Let  P  =  the  pitch  of  the  upper  part  of  the  screw  and  ^  =  the 
pitch  of  the  lower  part,  both  threads  being  right-hand,  and  P  being 
greater  than  ^.  If  the  screw  were  attadied  to  C  by  a  collar  in- 
stead of  being  threaded  into  it,  one  turn  of  the  screw  right-handed 
in  nut  B  would  cause  the  screw  to  advance  a  distance  P,  carrying 
C  forward  the  same  distance.  But  since  by  the  same  turn  the 
screw  has  drawn  nut  C  on  to  itself  a  distance  jp^  the  actual  distance, 
K,  which  C  has  advanced  is 

K  =  P-i>  (9) 

If  p  were  greater  than  P,  K  would  have  a  minus  value;  that 
is,  C  would  actually  move  up  for  a  right-handed  turn  of  the  screw. 
If  one  of  the  screws  is  left-handed  and  the  other  right-handed,  the 
equation  would  become 

K  =  P+j9.  (lO) 

Let  P  =  J  inch  and  p  =  y\  inch,  and  let  both  screws  be  right- 
handed.  If  the  radius  A  of  the  hand  wheel  is  12  inches,  how 
much  pressure  can  be  exerted  at  C  by  a  force  of  50  pounds,  ap- 
plied to  the  circumference  of  the  wheel? 

The  same  principle  holds  here  as  in  the  case  of  a  simple 
screw;  that  is,  the  forces  exerted  are  inversely  as  the  distances 
moved  through,  or. 
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Force  at  wheel 


Travel  of  C 


Force  at  C  Travel  of  point  on  circum.  of  wheel     ^    ^ 

80  that  we  must  iSrst  find  the  distance  C  moves  for  one  turn  of  the 
wheel.     Substituting  the  values  of  P  and  p  in  formula  (9),  we  get 


K  =  J-^=^=  distance  C  moves  for  one  turn  of  the 


screw. 


The  distance  which  a  point  on  circumference  of  wheel  move£5 


« 


r 
C 


HAND  ^/VHEEL 


Fig.  32. 

=  2  IT  A  =  2  X  3.141G  X  12  =  75.4  inches.     Substituting  these 
values  in  formula  (11)  we  get 

Force  at  C       75.4 
Solving,  we  get,  force  at  C  =  60,320  pounds. 


EXAMPLE  FOR  PRACTICE. 

-  1.     I  ippopt"  the  [irPSB  ehuwii  in   Fijr.  33  has  the  following 
euBionb:     I*  =  J  inpb,  _/'  —  J  inch,  ami  the  force  at  0  is  to  be 
7H,     0  poHiuIs.    What  forte  mnst  1h)  applied  to  the  circumference 
of  the  wheel  if  it  is  14  inches  in  diameter! 

Aii8.     00  poiindB  (nearly). 

Worm  and  Wheel.  The  mechanism  known  as  worm  and 
wheel  consists  of  a  whtiel,  as  A,  Fig.  i!3,  having  teeth  on  its  cir- 
cumference, and  a  screw  or  worm  W,  meshing  with  the  teeth  oa 
the  wheel.  The  axis  on  '■'■',  wheel  is  fixed  is  usually  alt 
right  angles  to  the  axis  of  i.     If  the  worm  is  tnrned,  the 

action  between  it  and  the  t6  na  the  wheel  is  siniilar  to  the 
action  between  a  screw  and  the  ,d  in  a  nut,  so  that  the 

will  turn  also.  If  the  wonu  is  single-threaded,  one  turn  of  the 
worm  will  cause  the  wheel  to  advance  one  tooth,  so  that  in  order 
for  the  wheel  to  make  oue  complete  revolution,  ag  many  turns  of 
the  worm  will  be  required  as  there  are  teeth  in  the  wheel.  It  the 
worm  is  double- threaded,  half  as  many  turns  will  be  required  as 
there  are  teeth  in  the  wheel;  if  the  worm  is  triple-threaded,  one. 
third  as  many  tnrns  will  ho  retjuired  as  there  are  teeth  in  the 
wiieeJ. 

Suppose  the  worm  be  single- threaded  and  tnrned  by  a  crank 
whose  length  is  K;  let  the  worm  wheel  have  n  teeth  and  have  on 
its  shaft  a  cylinder  of  radius  K,  with  a  cord  wound  around  it  sup- 
porting the  weight  L.  If  a  force  of  F  pounds  is  applied  to  the 
crank,  the  same  principle  holds  true  as  in  the  other  mechanisms 
which  we  have  studied,  namely, 

F       Distance  L  moves  ,     , 

L        Distance  F  moves  ^     ' 

If  the  worm  makes  one  revolution,  F  will  move  ttiroogli  a 

distance  2  ir  B.      The    wheel   makes  —    revolatioDS,    and   conse- 

qaently   the  cylinder  to  which  L  i 

olations.  If  the  cylinder  made  a  whole  revolution  it  would 
raise  L  a  distance  equal  to  its  circumference  =  2  ""  K,  therefore, 

when  it  makes  one  revolution  it  will  raise  L  a  distance Sob. 

n 
stitnting  this  value  for  the  distance  L  moves,  in  formula  (12),  and 
aabstituting  for  distance  F  moves,  the  quantity  2  ir  R,  we  get 
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2  IT  K 
'  2  T  «R 

K 

'  ull 


(13) 

B  raised  twice  as  far 


If  the  worm  is  double-threaded,  L  will 
for  one  turn  of  the  worm,  80  that  the  above  formula  would  become 
for  a  double-threaded  worm  and  wheel. 


2K 


L     »K 

and  for  a  triple-thraaded  worm  and  wheel, 

F  _3K 
L       »  R 


(■4) 


(IS) 


For  example,  a  aingle-tlireaded  worni  makes  180  revolutions 
per  minute  and  the  worm  wlieel  baa  30  teetb,  liuw  many  feet  per 
minnte  will  a  weight  be  raised  if  the  cylinder  on  the  shaft  of  the 
worm  wheel  is  12  inches  in  diameter? 

For  each  revolution  of  the  worm  wheel  the  worm  must  make 
30  revolutions,  hence  the  worm  wheel  makes  6  revolutions  per 
minnte.  The  circumference  of  the  cylinder  is  2  w  B  or  2  X 
3.1416  X  fi  =  37.699  inches  and  C  X  37.699  =  226.197  inches 
=  18.85  feet. 
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EXAMPLES  FOR  PRACTICE. 
1.    A  cnak  of  18  inches  tsdiiu  is  «tt»elwd  to  a  woiin  of  ■ 
aia^  thread.    The  Torm  wheel  bu  48  teeth  and  is  attached  to  « 
dnun  14  inches  in  diameter.    What  veif^t  can  be  mised  II  80 
ponnds  is  applied  to  the  crank  t 

Ana.  9874  ponndB. 
%    If  the  otank  in  abovis  derioe  is  given  216  revolationa  pw 
minnte  how  &at  will  the  wd{^t  rise  I 

Ans.  16j^  feet  (nearly). 
8.    How  fut  voold  it  rise  if  the  worm  has  a  double  threadt 


CAMS. 

A  cam  is  a  plate  or  ^Under  having  a  carved  outline,  or  a 
onrved  groove  in  it,  which,  by  its  rotation  about  a  fixed  axis,  im. 
parts  a  backward  and  forward  motion  to  a  piece  in  contawt  with  it. 
The  motion  imparted  to  the  follower  may  be  at  right  angles  to  <a 
parallel  with  the  axis  of  the  cam,  or  at  some  other  angle. 

The  motions  which  cams  are  designed  to  give  to  t^ir  followers 
commonly  belonged  to  one  of  the  following  kinds:  uniform  motion, 
harmonic  motion,  or  "gravity"  motion.  The  cam  may  give  one 
kind  of 'motion  all  the  time  or  it  may  ^ve  different  kinds  of  mo- 
tion at  different  atagea  in  its  revolution. 

Before  studying  the  came  themBelves,  we  will  consider  the 
three  kinds  of  motions  mentioned. 

Uniform  Motion.  If  a  body  moves  through  equal  spaces  in 
eqnal  intervals  of  time,  it  is  said  to  have  uniform  motion,  that  \a. 
its  velocity  is  constant. 

Harmonic  Motion.  If  a  point  as  C,  Fig.  34,  travels  around 
the  circumference  of  a  circle  with  uniform  velocity,  and  another 
point,  as  E,  travels  across  the  diameter  at  the  same  time  at  such  a 
velocity  that  it  is  always  at  the  point  where  a  perpendicular  let  fa'.l 
from  C  would  meet  the  diameter,  the  point  E  would  be  said  to 
have  harmonic  motion.  Its  velocity  will  increase  from  the  start- 
ing point  A  until  it  reaches  the  center  O,  and  from  O  to  D  its 
velocity  gradually  decereaaee  to  zero  at  D. 

Qravity  Motion,  or  uniformly  accelerated  and  retarded  mo- 
tion, is  alBO  a  motion  where  the  velocity  gradually  increases  until 
it  reaches  a  maximum  at  the  middle  of  the  path  and  from  there 
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gradually  decreases  to  the  end.  The  rate  of  increase  and  decrease, 
however,  is  different  from  that  in  harmonic  motion,  the  velocity 
being  increased  in  gravity  motion,  by  equal  amounts  in  equal  in- 
tervals of  time,  the  spaces  traveled  over  in  successive  intervals  of 
time  being  in  the  ratio  of  1,  3,  5,  7,  etc.,  to  the  middle  of  the  path, 
and  decreasing  in  the  same  ratio  to  the  end. 

The  kind  of  motion  which  the  follower  is  desired  to  have  must 
be  taken  into  consideration  when  designing  a  cam. 

Plate  Cams.  Fig.  35  shows  a  plate  cam  designed  to  raise 
and  lower  the  follower  P  with  uniform  motion.  The  point  of  P 
is  raised  from  A  to  ^  while  the  cam  turns  right-handed  through 
two- thirds  of  a  revolution,  and  is  lowered  again  to  its  original  posi- 
tion during  the  remaining  one-third  of  a  revolution  of  the  cam.  In 
this  cam  the  line  of  motion  to  the  point  of  P  passes  through  the 
point  O,  which  is  the  center  of  the  shaft  on  which  the  cam  is  fixed. 


To  design  such  a  cam,  draw  a  circle  with  O  as  a  center  and 
passing  through  A.  Since  the  raising  of  P  is  to  take  place  during 
two-thirds  of  a  revolution,  right-handed,  find  a  point  E  on  the  cir- 
cumference of  the  circle,  such  that  the  arc  AIIE  shall  be  §  of  the 
whole  circumference,  thus  leaving  arc  ACE  equal  to  ^  of  the  cir- 
cumference. Divide  the  arc  AIIE  into  any  number  of  equal  parts 
and  draw  the  radial  lines  OF,  OG,  etc.  Divide  Ae  into  the  same 
number  of  equal  parts  and  from  the  points  of  division  1,  2,  3,  etc., 
thus  found,  swing  arcs  around  the  center  O,  cutting  OF,  OG,  etc., 
at  points/*,  gr,  etc.,  respectively.  A  smooth  curve  drawn  through 
A,y,  ^,  etc.,  to  /;?,  will  give  the  outline  of  that  part  of  the  cam 
which  raises  P.  The  outline  of  the  rest  of  the  cam  is  found  in  a 
sifuilar  manner,  by  dividing  arc  ACE  into  any  number  of  equal 
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i  namber  of 


of  drawiutr  nuiiii 


tiiroui:;b  [Kiiiits  A.  F.  G,  etc.,  we  draw  lines 


parts  and  making  a  new  division  of  Ac  into  iLe 

^l-•qHal  parts,  (pointe  '/,  '■,  A.) 
Fig.  '6fi  dhows  a,  earn  ivhich  gives  the  same  motion  to  the  fol- 
lowyr  as  was  givfn  by  the  oam  ahown  in  Fig,  35,  bnt  in  this  case 
tiie  liiJe  of  motion  of  P,  instead  of  passing  through  (\  passes  a  dis- 
tsnce  Offl  to  one  aidi?  of  O,  Tho  only  differenee  in  th«  method  of 
designing  thic)  cam  from  that  previously  deserilxnl  is  that  instead 
ofdi 
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through  these  points  tangent  to  a  cirele  drawn  with  center  O  anci 
radius  Ok. 

If  in  Figs.  35  and  36  it  had  been  required  to  raise  P  with 
harmonic  motion  instead  of  uniform  motion,  the  only  difference  in 
construction  would  have  been  in  making  the  diTiaione  of  Ac. 
These  divisions,  instead  of  being  equal,  would  be  found  as  shown 
on  a  larger  scale  in  Fig,  37.  Ou  the  line  Ae  as  a  diameter,  draw 
a  semicircle  aud  divide  this  semicircle  into  as  many  eqnal  parts  aa 
we  divided  the  arc  AH£  io  Figs.  35  and  36.     From  the  poiBts 
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BCD,  etc.  (Fig.  37),  draw  perpendiculars  to  line  A*",  cutting  it 
at  points  1,  2,  3,  etc.  The  division  A  - 1,  1-2,  etc.,  thus  found, 
are  the  divisions  of  Ac  which  would  be  used  in  finding  the  cam 
ontline,  in  place  of  the  equal  divisions  which  were  used  fur  uniform 
motion. 

Fig.  38  shows  how  Ae  would  be  divided  if  the  motion  were 


Fig.  36. 


to  be  "Gravity."  Since  A^  is  to  be  divided  into  as  many  equal 
parts  as  arc  AHE,  in  this  case  it  will  be  divided  into  eight  parts. 
Now  if  the  motion  which  the  cam  is  to  give  to  piece  P  is  to  be 
uniformly  accelerated  and  retarded  (that  ia,  gravity  motion),  Ae 
must  be  divided  in  such  a  way  that  the  distance  from  1  to  2  is 
three  times  the  distance  from  A  to  1;  the  distance  from  2  to  3  is 
five  times  the  distaoca  from  A  to  1 ;  3  to  4  is  seven  times  A  to 
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1;  4  to  6  is  seven  times  A  to  1;  6  to  6  is  five  times  A  to  1;  6  to  7 
is  three  times  A  to  1;  and  7  to  d  is  equal  to  A  to  1.  Therefore 
the  whole  line  A<9  is  1+3+6+7+7+6+3+1  or  82  times  the 
distance  from  A  to  1^  or  in  other  words,  A-1  is  -g^  of  the  whole 
line  Asj  and  1-2  is  -^  of  As^  and  so  <m.  To  divide  A^  so  that 
the  divisions  may  bear  this  relaticm  to  each  othw,  draw  the  line 
AB  at  any  convenient  angle,  and  choosing  any  convenieiit  distance 
as  a  nnit,  mark  it  off  on  AS  thirty-two  times,  beginning  at  A 
From  I,  the  last  of  these  dividing  points,  draw  a  line  to  e\  next 
find  the  points  B,  0,  D,  etc.,  as  follows:  B  \A  the  first  division 
from  A,  C  the  third  from  B,  etc.,  flins  getting  the  divisions  of 
Al  in  the  ratio  1,  8,  6,  7,  7,  6,  8,  1.    From  the  points  B,  0,  D, 
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etc.,  draw  lines  parallel  to  1^,  meeting  A^  at  1,  2,  3,  etc.,  which 
will  be  the  required  points  of  division. 

The  cams  which  we  have  been  considering  all  act  on  the  com- 
paratively sharp  end  of  the  piece  P,  and  consequently  much  fric- 
tion  and  rapid  wearing  will  result  if  much  power  is  transmitted. 
Fig.  39  shows  a  cam  designed  to  act  on  a  roller.  The  outline  is 
first  found  for  a  cam  to  act  on  a  piece  like  those  in  the  preceding 
cases,  with  its  point  at  the  center  of  the  roller.  This  curve 
is  shown  dotted  in  the  figure.  Next,  with  a  radius  equal  to  the 
radius  of  the  roller,  and  with  centers  at  any  number  of  points 
around  the  dotted  curve,  draw  arcs  as  shown.  A  smooth  curve 
drawn  tangent  to  these  arcs  will  be  the  outline  of  the  cam  whicL 
is  to  act  on  the  roller. 
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Cylindrical  Cams.  A  pkte  cam,  such  as  we  have  beeD  con- 
sidering, can  be  designed  to  give  almost  any  kind  of  motion  in  a 
plane  at  right  angles  to  the  axis  of  the  shaft  on  which  the  cam  is 
located,  but  can  not  give  motion 
parallel  to  the  axis  of  the  shaft. 
If,  however,  we  place  on  the  shaft 
a  cylinder  with  a  groove  cut  in 
it,  the  shape  of  the  groove  may  he 
made  such  as  to  give  to  a  piece 
inserted  in  it  almost  any  motion 
along  the  shaft;  or,  if  the  depth 
of  the  groove  be  varied,  the  fol- 
lower may  be  given  a  motion 
which  shall  be  made  up  of  two 
components,  one  along  the  shaft 
and  one  at  right  angles  to  the 
shaft. 

Fig.  40  shows  two  views  of 
a  cam  designed  to  give  a  back- 
ward and  forward  motion  in  a 
line  parallel  to  the  axis  of  the 
shaft.  "B-^"- 

Familiar  illustrations  of  the  use  of  plate  cams  are  found  in 
the   bobbin. winding   mechanism   on  some  sewing  machines;  on 
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many  kinds  of  looms,  and  in  the  valve  gear  on  the  Brown  and 

other  steam  engines.    Cylindrical  cams  Are  used  in  many  plnces 


Btretchera  on  many  forms  of  floth-tinish'tif*  machinery. 


A  lever  is  r  rigid  piece  supported  at  some  point  called  the 
lulenun,  and  bo  arranged  that  when  force  is  applied  at  a  certain 
point  in  the  piece,  work  is  done  at  a  certain  othtT  point  hy  reasoo 


:zl' 
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Fig.  12. 


of  the  pivoting  action  aronnd  the  fulcnun.  Figs.  41,  42  and  43 
illnetrate  the  three  coniniou  kinds  of  levers,  the  difference  consist- 
ing in  the  relative  positions  of  the  force  ajiplicd  and  the  weight 
lifted,  with  respect  to  the  fnlcram.  lu  any  of  the  three  esses,  if 
w©  let  F  =  force  applied,  W  =  weight  lifted,  A  =  distance  from 
fulcrum  to  weight,  and  B  =  distance  from  fulcmm  to  F,  we  have 
the  following  equation: 


,-t 


FxB  =  AxWop 
<■*)        w  =7 

from  which,  if  any  three  of  the 
quantities  are  known,  the  fonrth 
may  be  found. 

Distance   A  is   called   the        ' 
weight  arm,  and  distance  B  is 
called  \he  power  arm.    The  pro- 
duct of  A  times  the   weight  is 

called  the  moment  of  the  weight,  and  the  product  of  £  times  the 
force  is  called  the  moment  of  the  force.  Another  way  of  Btating 
the  principle  expressed  in  equation  (16)  is: 

Moment  of  force  =  moment  of  weight. 


WOOHT 
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Example:  Suppose  a  weight  of  40  pounds  is  hung  on  the 
end  of  a  lever.  If  the  distance  from  the  fulcrum  to  the  weight  is 
14  inches,  what  power  must  be  applied  to  raise  the  weight,  the 
distance  from  the  fulcrum  to  the  power  being  18  inches? 

F  X  B=  A  X  W 
F  X  18=  14  X  40 

^      14X40 

^=       18 

=  31.11  pounds. 

Another  example:  Let  the  accompanying  diagram  represent 
a  safety  valve.  We  will  neglect  the  weight  of  the  lever  and  valve. 
Suppose  the  valve  V  has  an  area  of  3  square  inches  and  the  steam 
pressure  per  square  inch  is  36  pounds.  The  valve  is  5  inches 
from  the  fulcrum  and  the  weightis  32  inches  from  the  fulcrum. 
What  should  be  the  weight  of  the  ball  B? 


K 


h-«" 


32" 


^ 


36 


t 


First,  let  us  find  the  moment  of  power.  The  total  upward 
pressure  is  3  X  36  =  108,  because  the  total  steam  pressure  equals 
the  pressure  per  square  inch  multiplied  by  the  area. 

The  moment  of  power  is  108  x  5  =  540. 

The  moment  of  weight  is  32  X  B. 

Then  32  X  B  ==  540 

540 


B  = 


=  17  pounds  (nearly). 

Had  we  considered  the  weight  of  the  valve  and  lever,  we 
would  have  added  their  moments  to  that  of  the  weisrht,  because 
these  weights  increase  the  weight  but  not  the  power. 

If  in  addition  to  the  data  given  above,  the  lever  weighs   10 


618 


f 


ind  its  center  of  gravity  is  at  its  center,  that  is,  ID  ioclies 
rrom  the  fnlcruin.     Then 

Moment  of  lever  =  10  X  16  ^  1(50. 
The  valve  and  valve  spindle  weigh  8  pounds  and  are  5  inchea 
Vom  the  fulcrniii,  heuco 

Moment  of  valve  ^8x5  =  40. 
Total  moment  of  weight  =  32  X  H  +  200. 
The  moment  of  power  is,  from  the  previous  example,  540, 
and  we  have  the  eij""*'"-] 

32  X  B  +  200  --  540 

32  R  =  540  -  200. 
32  B  =  340 

B  =  ^  —  10.62  +  pounds. 

Thus  we  see  that  by  considering  the  weight  of  the  valve  and 
spindle  and  that  of  the  lever,  the  ball  can  be  reduced  in  weight 
from  17  to  10^  pounds. 

If  the  lever  is  curved  as  in  Fig.  44,  the  weight  arm  A  becomes 
the  length  of  the  perpendicular  from  the  fnlcrom  to  the  line  of 
action  of  the  weight,  and  the  power  ann  B  the  length  of  the  per. 
pendicular  from  the  fulcrum  to  the  line  of  action  of  the  force. 

LINK  WORK. 

Four-Bar  Linki^^.  If  we  have  the  four  rods  AB,  BC,  CD 
and  DA,  Fig,  45,  each  connected  to  two  of  the  others  by  pin  and 
eye  joints,  each  rod  becomes  what  is  called  a  link,  and  the  whole 
forms  a  four-bar  linkage.  If  the  link  AB  is  iixed  in  a  position 
(as  regards  the  frame  of  the  machine)  the  pins  at  A  and  B  become 
fixed  centers,  the  links  AD  and  BC  become  what  are  called  cranks, 
and  the  link  CD  becomes  a  connecting  link  or  connecting  rod.  If 
AD  is  caused  to  turn  with  a  uniform  angular  speed  about  the  pin 
of  A,  that  is,  turning  through  equal  angles  in  equal  periods  of  time, 
BC  will  be  compelled  to  turn  with  some  sort  of  motion  about  pin 
B,  Wliether  BC  shall  have  uniform  angular  motion  and  whether 
it  shall  make  complete  revolutions  for  complete  revolutions  of  AD, 
will  depend  upon  the  relative  lengths  of  the  four  links. 

The  center  line  drawn  through  the  fixed  link  AB  is  called  the 
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line  of  centers,  and  the  center  line  drawn  through  the  connecting 
rod  CD  is  called  the  line  of  connection.  AVhatever  the  relative 
lengths  of  the  various  links,  the  following  law  holds  true  for  any 
position  of  the  linkage. 

Angular  velocity  of  crank  A  D BH BE 

Angular  velocity  of  crank  B  C  ~"  AK  "^  aIE  ^*7) 

That  is,  if  at  any  given  instant  the  connecting  rod  be  im- 
agined removed  and  the  cranks  continue  turning  at  the  same  speed 
at  which  they  were  moving  when 
the  connecting  rod  was  removed, 
the  number  of  turns  of  the  cranks 
in  a  given  period  of  time  would 
be  to  each  other  inversely  as  the 
lengths  of  the  perpendiculars 
drawn  from  the  respective  fixed 
centers  to  the  line  of  connection, 
and  also  inversely  as  the  dis- 
tances from  the  fixed  centers  to 

the  point  where  the  line  of  connection  meets  the  line  of  centers.  A 
mathematical  proof  can  be  given  for  this  law,  but  it  will  not  be 
considered  here. 

If  the  fixed  link  AB  is  made  equal  in  length  to  the  connect- 
ing rod  DC,  and  the  two  cranks  are  equal  (see  Fig.  46),  the  con- 


necting rod  will  always  be  parallel  to  the  fixed  link,  and  the  per- 
pendiculars  BH  and  AK  will  always  be  equal,  so  that  from  equa- 
tion (17)  it  will  be  evident  that  the  speeds  of  the  cranks  are  always 
e^uaL  An  example  of  a  linkage  of  this  kind  is  found  in  the  par- 
allel  rod  connecting  the  drivers  of  a  locomotive,  as  shown  in  Fig. 

47.    The  ajdes  of  the  drivers  form  the  fixed  centers  A  and  B,  the 


frame  of  the  Iwomotive  forms  tlie  fixud  link  All.  Uie  drivera  tbem- 
Btilves  fiiriii  the  cranka  Al)  and  UC,  aud  the  paralk4  rod  forma  the   i 
connwiting  link.  , 

Crank  and  Connecting  Rod.     In  the  four-bar  liukage  ehomi    i 
in  Fig.  45,  the  [tin  C  is  coni[>el!wi  by  t^rank  liV  to  niova  on  the 


Vig.  16. 

aic  of  a  ciivle  whose  oeriter  is  B  and  radius  BC.  If  in  place  o( 
BC  the  fixed  link  in  formed  as  shown  in  Fig.  is,  being  providwi 
with  a  slot  whose  riuiina  is  B< '  and  center  is  B,  the  pin  C  on  the  end 
of  the  connec-ting  rod  will  have  exactly  the  name  niotiou  thnt  it 
would  if  guided  by  the  crank  BC.     Now,  if  the  radius  of  the  slot 


Fig.  il. 


16  gradually  increased,  the  slot  will  become  nearer  and  nearer  to 
being  straight,  so  that  the  linkage  shown  in  Fig.  49,  where  the 
slot  is  straight,  may  be  said  to  be  the  limiting  case  of  the  linkage 
shown  in  Fig.  4H.  This  is  the  linkage  which  we  have  in  the  crank, 
connecting  rod,  crosshead  and  crosshead  guides  of  a  steam  engine. 
The  crank  shaft  corresponds  to  the  pin  A,  the  frame  and  goidea 


MECHANISM. 


45 


take  the  place  of  the  slotted  link  AC,  DC  is  the  connecting  rod, 
and  AD  the  crank. 

.  As  there  are  many  problems  which  may  arise  in  connection 
with  this  linkage,  particularly  as  applied  to  the  steam  engine,  we 
will  consider  the  most  important. 


Fig.  48. 

Fig.  50  shows  the  same  linkage,  the  links  being  represented 
by  their  center  lines  only.  AD  is  the  crank,  DC  the  connect- 
ing rod,  C  the  crosshead  and  AC  the  center  line  through  the  crank 
shaft  and  the  guides. 

Suppose  the  crank  has  a  length  K  and  is  making  N  revolu- 
tions per  minute  at  a  uniform  speed,  to  Und  how  fast  the  crosshead 
is  moving  at  any  given  position  of  the  crank. 


A  C 

Fig.  49. 

We  will  solve  this  problem  partly  graphically  and  partly  by 
calculation.  The  first  step  is  to  find  how  fast  the  crank  pin  D  is 
moving.  For  one  turn  of  the  crank,  D  travels  through  a  distance 
equal  to  the  circumference  of  a  circle  whose  radius  is  It,  that  is,  a 
distance  of  2'rr'R,  If  the  crank  turns  N  times  per  minute  the 
velocity  of  D  must  be  2  tt  RN.  Knowing  the  value  of  K  and  N, 
for  any  particular  case  we  can  substite  in  this  formula  and  find  the 
actual  velocity  of  D.  Next  draw  the  linkage  at  a  convenient  scale,  in 
the  position  in  which  it  is  desired  to  find  the  velocity  of  C.  Draw  Drf 
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|tfr]ifndicii]ar  to  AD  and  make  its  lt*ngth  represeot  at  a  coDveniunt 
acttlti  (not  necoBsarily  tlie  eamu  aealfs  as  was  used  for  the  links)  the 
calculated  velocity  of  D.  This  represents  the  actual  velocity  aiiil 
direction  of  motion  of  the  end  IJ  of  the  eounecting  rod  at  the  in- 
stant under  coiiBidfration.  Now  resolve  the  veUtcity  Dil  into  its 
components,  along  and  at  right  angles  to  DC,  by  prolonging  the 


Fig.  50. 
line  DO  anddrawing  */E  perpendicular  to  it.  The  component  DE 
is  the  only  one  which  has  any  fifect  on  the  motion  of  the  point  (\ 
We  have  already  learned  that  the  motion  of  the  two  ends  of  a  rod 
Tim.it  have  their  componcuts  alontj  the  rod  wpial,  therefore  lav  "if 
from  C,  CF  =  DE.  The  actual  motion  of  G  is  along  the  line  CA, 
and,  as  CF  is  one  component  of  the  motion,  the  other  component 


Fig.  51. 


must  be  perpendicular  to  CF,  therefore  draw  FH  perpendicular  to 
CF  and  meeting  CA  at  H,  Then  CII  ia  the  velocity  of  point  C 
at  the  same  scale  at  which  Dd  was  drawn. 

Eccentric.  The  eccentric  and  eccentric-rod  linkage  is  in 
principle  the  same  as  the  crank  and  connecting  rod.  To  trace  out 
the  connection  between  the  two,  let  ub  consider  the  crank  and  con- 
necting rod  shown  in  Fig.  51.  Here  the  crank  pin  D  is  largeand 
comes  almoat  to  tho  center  of  the  Bbaft  A.    Bj  incTOMing  still 
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farther  the  diameter  of  the  pin  D,  so  that  it  will  take  in  the  shaft, 
as  shown  in  Fig.  52,  we  obtain  the  eccentric. 

Considering  again  the  crank  and  connecting  rod  linkage:  Sup- 
pose that  in  Fig.  53  a  force  F  is  applied  at  the  crank  pin  D  in  a 
direction  perpendicular  to  the  center  line  AD;  then  the  pressure 
which  would  be  exerted  by  the  slide  C  could  be  found  by  the  same 
principle  which  we  have  used  iu  previous  cases,  namely,  the  forces 
are  inversely  proportional  to  the  velocities.  Let  F  be  the  force  at 
D,  and  P  the  pressure  at  C.  Assume  any  velocity  of  the  point  D 
and  represent  this  at  some  scale  by  the  line  Dd  perpendicular  to 
AD.  Then  find  the  velocity  CH  of  the  point  C  along  the  line  AC, 
in  the  same  manner  as  in  Fig.  50.  The  value  of  CH  can  be  meas- 
ured off  at  the  same  scale  at  which  Dd  was  drawn.     Then 


Fig.  52. 

3  of  the  quantities  F  or  P  i 


known,  the  other 


from  which,  if  o 
may  be  found. 

If  the  value  of  CH  is  found  for  various  positions  of  AD,  keep- 
ing T>d  constaTit,  it  will  he  seen  that  the  nearer  AD  comes  to 
coinciding  with  AC,  the  smaller  CH  l)ecoineH,  and  from  equation 
(18)  it  will  appear  that  the  smaller  CH  is,  the  greater  P  becomes 
with  relation  to  F.  The  above  discussion  will  hold  true  if  the 
force  acts  in  the  direction  Drl  or  in  the  ojiposite  direction. 

The  linkage  used  in  this  way  to  effect  jiressiire  at  <■  by  a  force 
on  D  is  known  as  the  totjffle  joint,  and  is  used  with  more  or  less 
modification  in  several  kinds  of  machinery,  auch  as  punching  ma- 
chines, brakes  on  the  drivers  of  a  locomotive,  etc.     The  force  need 


I 


not  be  apjilii'd  at  I),  lint  may  bo  appluni  At  some  other  point  on 
AD,  or  on  aonm  piooe  rigidly  connected  to  AD  but  making  an 
angle  witli  it.  This  is  shown  in  I'ig,  51.  Hcry  the  force  is  ap- 
plied at  E,  and  we  can  tind  the  force  at  C  by  the  flame  principle 
3  before:      Tlic  force  at  0  \^  to  force  at  E  inversely  aa  the  veloci- 


ties of  C  and  E.     The  only  difference  is  in  finding  the  velocity  of 
C     Assume  a  velocity  for  E,  as  E/-.     Then 

Velocity  E        A  E 

VelocityD~AD  ^^9) 

from  which  the  velocily  of  D  may  be  fonnd;  the  rest  of  the  sola-  ^| 
tion  vonld  be  tbe  same  as  for  Fig.  63. 


Fig.  54. 


These  problems  may  be  solved  by  another  and  perltapa  some- 
what shorter  method,,  but,  as  this  would  involve  the  resolutioo  of 
forces,  which  have  not  yet  been  taken  up  in  detail,  we  will  coofine 
ourselves  to  the  above  method. 
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QUICK  RETURN  MOTIONS. 

In  various  kinds  of  machinery,  particularly  machine  tools,  it 
is  desired  to  move  a  piece  backward  and  forward;  the  forward 
motion  being  slow  and  the  return  motion  more  rapid.  Take  for 
example  the  shaper;  as  the  tool  when  moving  forward  is  cutting 
metal,  it  should  go  slowly  and  steadily,  but  after  the  cut  is  made 
it  is  desirable  to  get  the  tool  back  ready  for  its  next  stroke  as 
quickly  as  possible.  Many  different  devices  are  used  to  accom- 
plish this  result. 

If  in  Fig.  45  we  replace  the  connecting  rod  DC  by  a  slot  in 
the  link  BC,  we  get  the  linkage  shown  in  Fig.  55.  A  and  B  are 
the  fixed  centers,  AD  is  the  driving  crank  (which  usually  turns 


Fig.  55. 

with  uniform  speed),  BD  is  the  slotted  crank  and  to  some  part  of 
BD  a  link  or  some  other  piece  is  connected  by  means  of  which  the 
tool  is  driven.  Two  distinct  mechanisms  are  formed,  depending 
upon  the  relative  lengths  of  the  links.  If  the  proportions  are  such 
that  a  circle  drawn  around  the  center  A,  with  radius  AD,  falls 
outside  the  center  B,  as  shown  in  Fig.  50,  we  have  what  is  known 
as  a  Whitworth  quick  return  motion.  Here  the  slotted  crank 
makes  one  complete  revolution  for  each  complete  revolution  of 
AD,  but  its  speed  is  not  uniform.  In  this  figure,  a  connecting 
rod  PT  is  represented  as  attached  to  a  point  P  on  the  slotted  link. 
The  other  end  of  this  connecting  rod  moves  the  tool  holder  T 
along  the  straight  line  BT.  When  the  linkage  is  in  the  position 
shown,  T  is  in  it3  extreme  right-hand  position,  and  it  will  be  in  its 


Ml 
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frt-liand  position  when  BP  occupies  the  position  Bl',- 
■f.a  tni  g  BP  through  this  angle  (180),  AD  has  turned  thronph 
\ihv  urij  I  I>.  In  returning  BP  to  its  right-hand  position  afjain. 
AD  ha«    o  turn  through  the  angle  M  only.     Kow,  since  AD  tnms 

form  sj»H>d  and  eince  angle  M  is  less  than  angle  L.-T 
make-  stroke  from  Itift  to  right  in  lesa  time  than  was  required 
to  inoTe  from  right  to  left.  The  tinje  of  advance  and  tinu'of 
return  are  in  the  ratio  of  angles  L  and  M,  If  the  length  of  tlip 
crank  AD  and  the  ratio  of  time  of  advance  to  return  are  known 
the  distance  AB  mav  he  fount!  as  follows: 


Fig.  sa 

With  A  as  a  center  and  AD  as  a  radius,  draw  a  circle  and 
divide  the  circumference  by  the  points  D  and  D,  so  that  angle  L 
may  bear  the  same  ratio  to  angle  M  that  the  time  of  advance  bears 
to  the  time  of  return.  Join  D  and  D,  and  from  A  draw  a  line 
perpendicular  to  DD„  meeting  it  at  B,  which  will  be  the  required 
center  for  the  driven  crank. 

The  distance  BP  governs  the  length  of  the  stroke  of  the  tool, 
BO  that  by  varying  the  position  of  P  the  length  of  the  stroke  may 
be  varied. 

If  the  proportions  of  the  linkage  are  ench  that  a  circle  drawn 
with  A  as  a  center  and  a  radius  AD  comes  ioaide  the  point  B, 
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I,  if  AD.is  "less  than  AB.we  have  what  is  known  as  a  swincr. 
ingm^l^  liobftge.  Fig.  57  shows  this  form  of  quick  return  ino- 
tieiw?^:??!^  pSfee  which  drives  the  tool  is  attached  to  the  slotted 
Unlv MP;. which  may  be  anywhere  along  the  link.  The  linkage  is 
shown,  at  the  extreme  right  of  its  stroke,  the  point  D  being  at  tlio 
point  \mere  the  center  line  of  the  slot  is  tangent  to  the  circli* 
drawn  with  center  A  and  radius  AD,  (that  is,  the  length  of  tie 
driving  crank)^      AD,  is  the  corresponding  position  of  the  crank 


Fig.  57. 

at  the  other  extreme  of  the  stroke.  The  time  of  advance  is  to  the 
time  of  return  as  angle  L  is  to  angle  M,  as  in  the  case  of  the 
Whitworth  quick  return.  If  the  ratio  of  advance  to  return  and 
the  length  of  AD  are  known,  the  position  of  B  may  bo  found  by 
drawing  the  circle  with  center  A  and  radius  AD,  and  on  this  circle 
finding  points  D  and  D,  such  that  the  aiii^les  L  and  M  shall  have 
the  required  ratio.  Then  draw  DB  and  D,B  tangent  to  the  circle 
at  D  and  Dj  respectively,  meeting  each  other  at  B,  which  is  the 
required  center  for  the  driven  crank. 


UEARINQ. 

ft  B,  Fig.  RS,  hii""  fftsUiiifd  ly  it  h  dine  with  miiootli  fir- 
,  thu  ciiso  l»i'iiig  ill  cutttnct  at  th«  point  I*  with  another 
I    .  ft  A,  the  rntHtion  of  oiio  Bhikft  will  ciiu^  tliu  other  to 

rotr        |„v'iJiil  ihfre  is  sntBi'ieiit  fi-irtiou  bt'twtjen  the  two  8nr>« 
fni'i-a  tiJ  prevHOt  8h'|ipiiig.     According  to  tlin  pi-ineipli^s  which  v 
havo  alreiuly  liiarnwi,  the  following  wjuation  will  hold  tniti: 

irnte  of  A  _  BP 
"AP 


Tl*'volutioiia  piT 
In  piw-ticc,  tho 


not  hi'  Huflitritint  to  hu 


upon,  so  that  discs  having 

in.iren<1  of  tlio  plain  dlscw. 

■allid  jTwirs,     The  tut<th  i 


Pig.  58. 


n  their  cirrnniference  am  use 
si'8  or  whwils  thu»  funiiwl  U9m 
any  om?  of   eeveml  forms,  and] 
the  gt-ars  inayoonmwt  xiiafts  whit-h   iii-o  {Miralkd,  intt-rsi^tiiig  at  J 
Boiriw  uugly,  or  nulthur  pamllel  nor  interBwtiiig.     Two  gears  sndlJ 
H»  ehown  in  Fig.  5S>,  wlit-rp  thi*  shufta'l 
aro  parallel  and  tha  tt^eth  on  tliecip 
ciiinft^rcncr'  am  ptirallcl  to  the  axis 
of  thy  geiir.  are  called  spur  gears. 

Tht!  two  dot  and  dash  einles 
dnuvn  !il.uul  tiR.  ci-nt.TS  .\  :.ti,i  U 
and  ill  contact  at  P  correspond  to 
the  two  disca  of  Fig.  5S,  and  the  gears  may  he  said  to  be 
derived  from  these  circles,  which  are  Called  the  pitch  circles. 
The  diameters  of  these  circles  are  called  the  pitch  diameters 
of  the  gears.  The  point  P,  where  the  two  pitch  circles  touch 
each  other,  is  called  the  piic/i  ^»«m^  Circles  drawn  through 
the  outer  ends  of  the  teeth  are  called  the  addeiulum  dries,. 
and  circles  drawn  at  the  hottom  of  the  teeth  are  called  the 
/•'lilt  r/rch-x.  These  circles  are  indicated  on  the  figure.  That  part 
of  the  tooth  outlined  Ix'tween  the  pitch  circle  and  the  addendum 
circle,  as  PK,  is  called  the  face  of  the  tooth,  and  that  part  between 
the  pitch  circle  and  the  root  circle,  as  PF,  is  called  the  flank. 
The  railiiis  of  the  addendnm  circle  minus  the  radios  of  the  pitch 
circle  is  calle<l  the  addendum  distance,  or  simply  the  tuhl-'iulum. 
The  radius  of  the  pitch  circle  minus  the  radius  of  the  root  circle 
is  called  the  root  dintiince  or  the  root.     The  root  is  commonly 
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made  a  little  greater  than  the  addendum,  so  that  when  two  gears 
Lave  their  pitch  circles  in  contact,  if  their  teeth  are  of  e(jual  length 
they  will  not  touch  hottom,  but  will  have  some  clearance.  The 
distance  from  the  center  of  one  tooth  to  the  center  of  the  next, 
measured  on  the  pitch  circle,  as  GH,  ia  called  the  circular  pitch, 
or  circumferential  pjtcli.and  is  etjual  to  the  circuniferent'e  of  the 
pitch  circle  divided  by  the  number  of  teeth. 

In  order  to  run  together,  two  gears  must  have  the  same  cir- 
cular pitch.  The  number  of  teeth  on  two  gL-ars  of  the  same  pitch 
are  proportional  to  the  circumferences,  and,  con8e(]UeTitly,  to  the 
diameters  of  their  pitch  circles;  and  as  the  B]>eeds  of  the  two  sliafts 


ij:.  ro. 

which  are  connected  by  a  jmir  of  gears  ai-o  inversely  jiroportioual 
tothe  diameters  of  tlie  pitch  circle.' of  the  gears,  the  speeds  must  also 
be  iDVerBely  proportional  to  the  nnmber  of  tei'th. 

On  rongh  gears  the  width  of  the  toolh  LJI  is  made  a  little 
less  than  the  width  of  the  space  IIL,  to  allow  for  irn'gnlaritv  of 
construction.  The  difference  in  the  width  of  the  two  is  called  the 
lack  lank. 

Although  the  circular  ])itcli  is  a  teitii  which  u  fri'ipientlv 
used  in  connection  witli  gearing,  there  is  another  kind  of  piteli 
which  is  often  used.  This  is  the  diametral  pitch,  and  is  e<ptal  to 
the  diameter  of  the  pitch  circle  dividiHl  by  the  number  of  tet;th, 
or,  iu  other  words,  the  amount  of  pitch  diameter  allowed  fur  each 
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tooth.  The  diametral  pitch  bears  the  same  relations  to  the  circu- 
lar pitch  that  the  diameter  of  a  circle  bears  to  its  circumference; 
that  is,  the  diametral  pitch  is  equal  to  the  circular  pitch  divided 
by  TT.  In  speaking  of  the  pitch  of  a  gear,  instead  of  using  the 
diametral  pitch,  which  is  often  a  fraction,  it  is  customary  to  use 
only  the  denominator  of  the  fraction.  For  example,  if  the 
diametral  pitch  is  i  inch,  it  would  be  spoken  of  as  a  2-pitch  gear. 
This  would  be  the  same  as  saying  that  for  every  inch  of  pitch 
diameter  there  are  two  teeth. 

Problems  similar  to  the  following  often  arise  in  this  connec- 
tion: 

1.  Given  two  gears,  4  pitch,  having  12  teeth  and  16  teeth 
respectively,  to  find  their  pitch  diameters  and  the  distance  a])art 
that  their  centers  should  be  located,  to  run  properly. 

Since  they  are  4  pitch,  their  diametral  pitch  is  ^  inch  and 
their  pitch  diameters  will  be  their  numbers  of  teeth  multiplied  by 
J,  so  that  one  would  be  12  X  J  =  3  inches  in  diameter,  and  the 
other  16  X  J  =^  4  inches  in  diameter.  The  distance  on  centers  will 
be  the  sum  of  their  pitch  radii  =  ?  +  i  =  3A  inches. 

2.  Given  two  gears,  8  pitch,  having  diameters  6  and  10 
inches  respectively,  to  find  the  number  of  teeth. 

The  expression  "  8  pit^h,"  besides  meaning  that  the  diametral 
pitch  is  ^  inch,  means  that  there  are  8  teeth  for  every  inch  of 
diameter,  so  that  one  gear  will  have 

8  X     6  =  48  teeth 
and  the  other     8  X  10  =  80  teeth. 

Referring  again  to  Fig.  59:  If  gear  A  is  driving  the  other 
gear  in  the  direction  indicated,  there  is  a  working  point  of  contact 
between  the  teeth  of  the  two  gears  at  J  and  another  at  K,  and  as 
the  gears  turn  and  the  teeth  slide  along  each  other,  the  point  where 
a  pair  of  t€^eth  is  in  contact  changes.  If  from  the  point  of  contact, 
as  J,  a  line  is  drawn  to  the  pitch  J*,  the  tooth  curves  should  have 
such  form  that  this  line  is  normal  to  both  curves  at  J;  that  is,  PJ 
should  be  perpendicular  to  a  line  drawn  tangent  to  both  curves  at 
J.  This  condition  should  hold,  wherever  the  point  of  contact  may 
be,  in  order  that  the  gears  may  run  smoothly. 

There  are  two  kinds  of  curves  which  are  commonly  used  for 
the  outlines  of  gear  teeth,  and  which  fulfill  the  above  conditions. 
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Tliese  are  the  involute  and  the  epicycloidal  curves.  Ficr.  60 
shows  a  pair  of  gears  with  epicycloidal  teeth  and  Fig.  01  shows 
parts  of  two  gears  with  involute  teeth.  The  construction  for  get- 
ting the  tooth  outlines  is  shown  in  the  figures,  but  as  this  properly 
comes  under  the  subject  of  drawing,  and  is  not  essential  to  an 
understanding  of  gea^s  in  general,  it  will  not  b:^  explained  lu^ro. 
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Annular  Gears.  An  {innuiar  mnir  is  a  riiiix  with  tcclh  on  its 
inside  edw.  F'\is.  (\2  shows  such  a  nmr  with  center  at  A,  incsli- 
ing  with  a  small  spur  gear  called  tlu»  pinion. 

Rack  and  Pinion.  A  rack  is  a  gear  whose  j)itch  line  is  a 
straight  line  instead  of  a  circle.  Fig.  iV^  shows  an  epicycloidal 
rack  in  gear  with  a  pinion. 
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Bevel  Gears.  When  two  shafts  whose  axes  intersect  are  to 
Ik)  connected  by  gears,  the  gears  commonly  used  are  called  bevel 
gears.  Tlie  theoretically  correct  pitch  surface  of  a  bevel  gear  is  a 
part  of  the  sector  of  a  sphere,  but  as  the  designing  and  making 
of  such  a  gear  is  somewhat  difficult,  a  com^  is  substituted  for  a 
sphere.     Fig.  64  shows  a  pair  of  bevel  gears  connecting  two  shafts 


FipT.  i'A. 

which  are  at  right  angles.  O  is  the  point  where  the  center  lines 
of  the  shaft  intersect,  OPA  and  OPH  are  the  jfitck  concif  of  th(^ 
";nir8,  AP  and  13 P  the  ])itch  diameters. 

The  speed  of  the  shaft  S  is  to  the  spe^ni  of  the  shaft  T  as  AP 
is  to  PP.  The  teeth  may  be  epicycloidal  or  involute,  and  the 
shafts  may  be  at  right  angles  or  at  some  other  angle. 
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It  IB  always  of  intereBt  to  maDiifactiiring  engineers  when 
anything  additional  to  tlio  siibi'ttt  of  ByBteiiiatic  conmiercial  draw- 
irii;  is  hi-ought  to  their  attention.  The  dovelopiiieiit  of  a  ntiiver- 
tal  drawing   proceae  or    Bysteni    suIKciently  general   to  meet  all 
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practical  needs  of  man nfaetii ring  eonwrns,  will  likely  e^>nio  aliom 
at  Bome  fnture  time,  and  this  may  form  |mrt  of  the  engineering 
curricnlnm  iii  sehoitls  ami  eiillegcs,  niiieh  lliesanif  as  liookkeeplng 
has  been  tuiiglit  in  eomnieiviiil  coHegen  for  yeiira. 

The  present  is  a  period  of  standard  niuiuifacturing.  and  the 
tendency  toward  standardization  is  naturally  growing,  thereby 
creating  a  demand  fur  different  methods  from  those  employitl 
where  the  articles  of  mannfaetiire  were  unsettled  and  undergoing 
ceaseless  and  uncertain  changes.     It  is  of  course  true  that  improve- 


mentB  in  standard  lini'a  uf  manufacture  w-ill  Iw  conlinaally  re- 
quired, but  theai*  chanjjBB  take  tlie  forra  of  reviaions,  to  a  ^roatwr  or 
less  oxti'tit.  of  designs  tiiiit  previously  bava  Ijeen  nHliiotil  to  a  fairly 
detinite  baaia.  The  drawinfj  oftioe  is  wbcre  thiiign  aro  built  on 
paper,  ntid  it  ia  aiibji-ct  to  a  t'lmnge  of  nn^tbods  when  approat-Linfr 
standard  manufacturing  as  much  as  are  the  factory  departments 
doing  Kctiml  oonstrnctiuii  work. 

To  ilUistrate — the  following  list  brings  out  a  few  of  the  essen- 
tial fi'Hturi'9  that  usually  npjH-ar  for  consideration  in  eonducting  n 
drawing  office  for  developing  Bpeoializ<-d  protlucts: 

1.  Tim  desinibility  of  one  uniform  sizi*  of  ilrawing  sheet  for 
all  drawings. 

2.  The  net'eseity  of  drawing  parts  independently  of  any 
meclianisni  to  wtiieh  tliey  may  belong,  for  the  reason  that  Hiiy  part 
ia  likely  to  he  found  available  for  use  in  the  inaniifactiiro  of  n 
nuniher  of  different  niechanisnis, 

3.  The  necessity  of  knowing  and  l)eiiig  able  to  identify  all 
parts  by  Bynihols. 

4.  A  suitable  Eystom  of  drawing  parts. 

5.  The  necessity  of  classifying  parts  into  groujis  or  eollec- 
fions  anil  grading  them  acconling  to  the  primary  o|ieralions  thai 
are  reijuired  in  forming  them,  or  according  to  their  elementary 
nomenclature  or  design. 

6.  As  parts  and  constructional  views  cannot  he  shown  on 
the  same  drawing,  some  means  must  be  employed  by  draftsmen 
to  specify  and  identify  the  parts  that  are  involved  in  a  general 
drawing. 

7.  Once  typical  general  drawings  have  been  made,  how  is  it 
possible  to  avoid  the  delay  and  expense  that  are  inevitably  attaebcil 
to  nnlrawing  practically  the  same  thing  for  the  many  modifications 
arising  from  time  to  time? 

Standard  manufacturing  may  be  looked  upon  as  differing 
from  special  or  miscellaneous  manufacturing  inasmuch  as,  under 
the  former,  parts  take  a  systematic  course  from  one  set  of  machines 
to  another  until  they  finally  become  finished  material. 

The  work  of  eonstrncting  or  assembling  the  various  parts  to 
form  a  finished  product,  involves  an  entirely  separate  office.  Gen- 
eral drawings  are  of  service  principally  where  assembling  is  done, 
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while  the  part-prodncing  departments,  on  the  other  hand,  require 
but  those  drawings  that  give  working  dimensions  of  parts.  It  is 
therefore  seen  that,  so  far  as  the  uses  of  drawings  are  concerned, 
there  is  no  occasion  for  showing  parts  associated  with  the  finished 
mechanism,  even  were  it  possible  to  do  so.  Moreover,  the  fact 
that  any  single  part  may  be  found  available  in  a  variety  of  places, 
suggests  the  principle  of  showing  parts  collectively  as  a  body  of 
things  having  individual  entity;  and,  if  they  are  to  be  thought  of 
as  associated  in  some  manner,  it  seems  preferable  to  regard  then 
as  some  group  or  collection.     Where  numerous  parts  are  involved, 
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Soction  of  Cabinet  Set  for  Finished  Products. 

Contains  material  record  list  cards  arranjfed  alphabetically  under  names 

of  mechanism,  general  view  drawint:  numbers. *and 

telegraph  code  for  drawing  office  reference. 

the  idea  of  drawing  each  of  them  separately  on  an  independent 
sheet — which  is  a  very  general  practice — incurs  the  disadvantage 
of  a  great  collection  of  small  sheets,  whereas,  by  the  use  of  a  no 
less  convenient  but  larger  sheet,  their  number  may  be  materially 
reduced  by  placing  five  to  seven  or  more  part  views  on  the  oiu* 
drawing,  arranging  them,  of  course,  according  to  their  respective 
groups.  One  uniform  size  of  drawing  sheet  can  be  used,  which  is 
of  great  advantage  in  filing  and  binding  blue-prints  for  circulation. 
Symbols.  Symbols  for  parts  usually  take  the  form  of  num- 
bers, with  characters  or  letters  annexed  which  signify  the  associa- 
tion of  the  parts.     Each  and  every  part  is  numbered  in  numerical 
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seqiieut!!;;  and  in  tliu  present  instance,  letU-rs  may  bo  uiinuxcd 
whieb  eignify  tha  group  of  wliicli  tin-  part  ia  a  rnenilwr,  and  l-ji' 
gronpa  estAblishui]  acconlinw  to  tiio  basic  tipi'i-Rtiuns  by  wtiivb  tli  -v 
ant  first  fornitil.     Tbia  ia  ilUistrattKl  by  tlie  ful!owini(  list: 

CwT  Metal  Pahts. — Group  Symbol,  A. 

All  ports  origiimlly  fonnrd  by  mouklinK  or  casliiig.  unci  whicli  oic  ii  ii 
mngneta. 

Shbbt  Mbtau  Pamth,  I)is  PnRMltm,  etc.— Oroiip  Si/mlml,  Ii. 

All  parts  originally  formed  from  shpct  motal  by  puarturing.  Bluaii 
spinning,  stumping,  etc.,  and  wjilch  are  not  mngni-t*, 
SE-FdHMKD  I'abts,  —  Griiup  Symbol,  C. 
lul  parts  maciiiuc-fui'iui  d  in  liitlies.  sliaptre,  milliii);  niiifliiii(-a,  acciH 


one  aJvnntAge  in  einpU 

tbni  Ih.'  blur-prlDiN  rs 

press,  wblcb  ai 


will  pie 


f,  of  Bhcei  1  or  pnrt  dmwltiKii  Is 
a  lluhlly  winsiructwl  punch- 
tbe  hulea  fur  blDillUK. 


macliinrs,  threading  nnd  tapping  maehinra,  etc.,  such  ports  being  made  fmm 
raw  matcrbl  in  the  shape  of  rods,  bars,  tubes,  plates,  etc.,  and  which  are  not 
magnets. 

Magnets. — Group  SymM,  D. 

Cores  of  electro- ma^ni^ts,  armatures,  pole-pieces,  and  shoes,  frames,  penna- 
nrnt  mngneta,  shrlU,  yokes,  ete. 

I«ssuLATons. — Group  Symbol,  E. 

Tubes,  strips,  bushings,  collars,  handkfi,  knobs,  etc.,  of  |>i)rcclaip,  glass, 
rubber,  fiber,  wood,  paper;  fabrics  or  parts  made  of  other  mat;.'rial  for  insula- 
ting purposes. 

CiiiLS. — Group  Symbol,  F. 

Elect m-iiiagnot  coils,  resistance  coils,  condenser  coils,  or  current-carrying 
eoila  of  any  nature;  to  comprise  only  the  eiiii  Rnvcrned  by  its  ivicidiiig  measure- 
ments, si^c  of  wire,  number  of  turns,  rtsistance,  grade  of  insulation,  and  mate- 
rial wire  is  made  of. 

FoncED  on  Wrought  Parts. — Group  Symbol,  G. 

All  porta  such  as  he>oks,  rivets,  rings,  wire  springs,  which  arc  made  of  wire 
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andvfakii  afe  not  redstanoe  oolls;  Bopports,  brackets,  flzturefl,  and  allmcA 
parts,  which  are  haiid-f<»ine(^  forged,  or  wroughtt  &nd  vfaicdi  are  not  tnagneta. 

WooDxiT  PjUETB. — Group  Sgnibol,  H. 

All  wooden  parts  such  aa  abipe,  fina,  blocks,  basn,  miHilding,  onuunents, 
knobs,  and  brackets,  irtildi  arc  not  used  for  ingiiiHtJng  purpoaea. 

CoKPomn)  Fabts. — Croup  Symbol,  J. 

All  parts  oonalBttng  of  more  than  one  member,  where  it  la  neoessaiy  to  join 
them  to  produce  the  part  as  completed  material  ready  for  assembling. 

PuBCBASBD  Articlis. — Qroup  Sy«^)ol,  K, 

All  articles  suidi  aa  locka,  door  or  drawer  knobs,  fixtures,  receptacles,  and 
otnaments,  wUoh  aie  compound  porta,  being  purchaaed,  not  manufactured. 
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IX'tall  111  Blueprint  niuiler  Di'slnnod  fur  Part  Drawhii!  Sv^item. 
I'tif  liladliiR ilasp Is InclcpMuJent  of  (hrcovprs.  which iire hlnKinl and  can  beoppniil  I'lmr 

msi^rled  at  siny  pciiiit.  aud  iEi>  UlnderctmvpnlenHy  reJolneO ' 
by  UKK  of  a  i-omhluntlon  key  and  (luide. 

The  ahore  classi  Scat  ion  enables  an  intelligent  analysis  of  the 
parts  to  be  made,  placing  them  in  their  respective  group  order 
accoi^ing  to  the  directions  or  codifications  given. 

The  drawings  for  each  set  exhibit  a  convenient  number  of 
part  vieVB,  sud  the  title  of  each  sheet  indicates  the  name  and  gronp 
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of  the  parts  it  coDtaina.  The  sheetB  are  ODmbered  seriallj,  bef^n- 
Ding  each  set  with  No.  J,  the  namber  increasing  bj  one  for  each 
Buccessive  addition.  If,  for  illaatntion,  the  nnmber  p(»^on  of  a 
part  Bymbol  is  368,  then,  in  order  to  signify  its  groaps  aod  s^II 
more  its  drawing,  wd  might  write  368A3,  which  means  that  the 
part  belongs  to  the  A  grpap  (  Cast  Metal  Parts),  and  is  shown  on 
the  third  drawing  of  the  series. 

Material  Usts.  Where  articles  of  mannfactsre  are  repeat- 
edly reprodaced,  as  is  the  case  in  standard  manafactaring,  and 
where,  as  often  occnrs,  they  are,  for  various  reasons,  not  made  in 
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all  cases  jast  exactly  alike,  tbere  is  involved  the  qnestioD  as  to 
bow  far  the  reproduction  of  general  view  drawings  should  be  car- 
ried. A  record  at  least  is  neceBsary  of  each  article,  joat  aa  it  is 
built.  The  old  and  familiar  hut  serviceable  plan  of  employing 
material  lists,  developed  through  the  use  of  part  symbols,  etc., 
serves  admirably  in  combination  with  a  typical  or  master  drawing. 
Such  lists  enamerate  the  various  parts  used  in  each  mechanism; 
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and  when  the  construction  changes,  it  must  occur  through  a  change 
in  the  combination  of  parts.  Therefore,  when  the  parts  are  enu- 
merated there  can  be  no  mistake  about  the  construction.  To  iUus- 
trate  the  use  of  such  lists,  let  us  assume  the  instance  of  a  switch 
which  is  represented  by  a  general  drawing  and  called  the  "No.  13 
Switch."  Occasion  later  arises  for  a  modification,  say  in  the  dis- 
tance between  stud  centers.  This  will  require  a  different  blade, 
which  is  practically  the  only  difference  between  the  switches.  The 
material  record  list  shown  in  the  accompanying  illustration  fully 
serves  the  purpose,  as  it  reveals  and  identifies  the  component 
parts  which,  accompanied  with  a  master  drawing,  furnish  complete 
manufacturing  data. 

The  "Material  Specification"  portion  of  the  record  card  is  in 
form  a  duplicate  of  the  material  list  appearing  in  general  draw- 
ings, being  used  for  the  same  purpose — that  of  identifying  the 
parts  involved  in  a  convenient  tabulation. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclo|)odia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  those  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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REVIETV^    QUESTIONS 


ON    rrHB    SITBJKCT    OK 


FOROIXG 


1.  Make  a  sketch  and  show  all  dimensions  of  a  hoisting  hook 
for  a  load  of  2,000  lbs. 

2.  What  is  the  essential  difference  between  tool  steel  and 
wrought  iron? 

3.  What  is  shrinking? 

4.  What  three  materials  are  commonly  used  in  forge  work? 

5.  Give  two  methods  of  measuring  the  amount  of  stock  re- 
quired to  make  a  scroll. 

6.  How  much  would  the  crank  shaft  shown  in  Fig.  82  weigh, 
before  any  machine  work  was  done  on  it,  if  J"  be  allowed  for  finish 
on  all  surfaces  where  called  for? 

7.  How  is  a  lead  bath  used,  and  what  is  the  advantage  in  tem- 
pering? 

8.  What  length  of  stock,  \"  in  diameter,  is  required  to  make 
a  ring  Z"  inside  diameter?    No  allowance  for  welding. 

9.  What  is  meant  by  the  term  "allowance  for  finish"? 

10.  What  is  annealing? 

11.  How  does  brazing  differ  from  welding? 

12.  What  is  the  tuyere? 

13.  If  two  plates  are  to  be  riveted  together  as  tightly  as  possible, 
should  heavy  or  light  blows  be  used? 

14.  What  is  meant  by  "the  hardening  heat?" 

15.  Make  a  sketch  showing  what  dimensions  the  forging  s'liown 
in  Fig.  78  would  have  if  Y  finish  were  allowed  all  over. 

16.  Of  what  does  welding  consist? 

17.  What  precautions  must  be  taken  when  forging  a  round  bar 
to  a  point? 
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18.  Three  pieces  of  tool  sted  are  heated  to  the  hardoiing  heat; 
the  first  is  cooled  m  water,  the  second  in  oil,  and  tiie  third  is  allowed 
to  cool  in  the  air.    What  will  be  the  relative  hardness?    Why? 

19.  How  are  tongs  fitted  to  work? 

20.  Make  a  sketch  and  show  all  dimensions  of  a  hexagonal 
head  bolt  f  x  8^ 

21.  How  is  the  final  hardness  of  steel  affected  by  the  rate  of 
cooling? 

2^.  If  a  tap  is  broken  off  in  a  piece  of  work,  the  work  is  wanted 
in  a  hurry,  and  it  is  necessary  to  anneal  the  piece,  how  can  the  anneal- 
ing be  done? 

23.  What  is  brazing? 

24.  How  mudi  would  an  anvil  marked  3—2—10  weigh? 

25.  Why  are  scarfs  used  in  welding? 

26.  Why  are  springs  hardened  and  tempered  in  oil? 

27.  Why  is  borax  a  better  flux  than  sand? 

28.  What  are  the  diaracterbtics  of  a  good  forge  coal? 

29.  What  determines  the  size  of  tlie  grain  in  hard^ied  sted? 

30.  What  is  the  down  draft  system? 

31.  What  is  meant  by  scarfing? 

32.  What  is  meant  by  clearance  on  lathe  tools? 

33.  What  IS  a  flux,  and  why  is  it  used  in  welding? 

34.  How  are  steam  hammers  rated? 

35.  Why  should  the  ends  of  pieces  to  be  welded,  be  upset? 

36.  (a)  What  do  you  understand  to  be  meant  by  an  oxidizing 
fire  ?    (b)     What  do  you  understand  to  l)e  meant  by  a  reducing  fire  ? 

37.  In  making  an  S  wrench,  which  is  preferable;  to  forge  tlie 
jaws  separately  and  then  weld  on  the  handle,  or  to  cut  the  jaws 
from  a  solid  piece  of  metal  anJ  draw  down  the  material  between 
them  to  the  proper  size  for  the  handle? 

38.  Explain  the  method  of  making  a  ladle  shank  in  such  a  way 
that  no  welds  are  necessary  in  its  construction. 

39.  Describe  with  sketches  the  so-called  commercial  method 
of  forging  a  crank  shaft. 
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MECHANISM 


1.  An  engine  makes  280  revolutions  per  minute.  If  the 
stroke  is  16  inches,  what  is  the  linear  velocity  of  the  crank  pin  in 
feet  per  second? 

2.  The  pitch  of  a  jack  screw  is  J  inch.  The  length  of  the 
bar  is  4  feet.  What  weight  can  be  lifted  if  the  force  applied  at 
the  end  of  the  bar  is  148  pounds? 

3.  A  worm  of  double  thread  meshes  with  a  worm  wheel 
having  64  teeth.  How  many  revolutions  per  minute  must  the 
worm  have  to  turn  the  wheel  2  times  per  minute? 

4.  A  lever  safety  valve  has  a  lever  30  inches  long.  The 
weight  hung  on  the  end  weighs  24  pounds.  If  the  valve  is  4J 
inches  from  the  fulcrum  and  has  an  area  of  3^  square  inches,  at 
what  pressure  per  square  inch  will  it  blow  off? 

Neglect  weight  of  valve,  spindle  and  lever. 

5.  Define  circular  pitch.     Diametral  pitch. 

6.  If  a  gear  has  20  teeth  and  it  is  6  pitch,  how  far  will 
the  rack  move  in  2A  revolutions  of  the  gear? 

7.  Find  the  piston  speed  in  feet  per  minute  of  an  engine 
making  5.4  revolutions  per  second,  the  stroke  being  18  inches. 

8.  Two  gears  mesh  with  each  other.  They  are  8  pitch. 
If  they  have  40  teeth  and  68  teeth,  respectively,  what  are  the 
dian^ters  and  how  far  apart  should  the  centers  of  the  shafts  be 
placed? 

9.  The  pitch  circle  of  an  annular  gear  is  36  inches  in  diam- 
eter. The  spur  gear  meshing  with  it  is  8  pitch  and  has  24 
teeth.  How  many  revolutions  must  the  spur  gear  make  to  torn 
the  annular  gear  13  times  per  minute? 
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10.  A  lever  is  26  inches  long.  A  weight  of  20  pounds  is 
hung  on  one  end.  The  distance  of  this  weight  from  the  fulcmm 
is  11  inches.  What  power  will  be  necessary  to  raise  the  weight 
if  the  distance  from  the  folcrum  to  the  power  is  15  inches  ! 

11.  Describe  the  Whitworth  qnick-retnrn  motion. 

12.  A  worm  of  single  thread  is  in  mesh  with  a  worm  wheel 
having  36  teeth.  A  crank  of  16  inches  radios  is  attached  to  the 
worm  and  a  drum  10  inches  in  diameter  is  fastened  to  the  worm 
wheel.  How  fast  will  the  weight  rise  if  the  crank  is  turned  40 
times  per  minute? 

13.  Suppose  the  press  shown  in  Fig.  82,  page  81,  has  a  hand 
wheel  16  inches  in  diameter.    The  pitch  P  =  J  inch  and  pitch  ^^ 
=  ^  inch.    If  80,000  pounds  are  to  be  lifted  what  force  must  be  ' 
applied  to  the  hand  wheel? 

14.  Describe  some  form  of  friction  clutch. 
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15.  In  the  train  of  gears  shown,  A  is  attached  to  the  shaft 
of  a  motor  and  makes  1,000  revolutions  per  minute.  How  many 
revolutions  per  minute  will  gear  D  make? 

16.  If  the  linear  velocity  of  the  rim  of  a  fly  wheel  is  limited 
to  a  mile  a  minute,  how  many  revolutions  are  allowable  if  the  fly 
wheel  is  7^  feet  in  diameter? 

17.  A  locomotive  is  running  at  the  rate  of  50  miles  per  hour. 
The  drivers  are  0  feet  in  diameter  and  the  linear  velocity  of  the 
crank  pin  is  24.44  feet  per  second.     What  is  the  length  of  stroke? 

Note.    The  stroke=tbediaaietor  of  crank -pin  circle. 

18.  What  is  the  pitch  of  a  screw  that  advances  3  inches  in 
24  revolutions? 

19.  What  weight  can  be  raised  by  the  device  described  in 
question  12  if  the  force  applied  to  the  crank  is  110  pounds? 
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